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ABSTRACT
McGuirk, William Walter. M.S.C.E., Purdue University,
May 1973. EVALUATION OF FACTORS INFLUENCING DRIVEWAY
ACCIDENTS. Major Professor: Gilbert T. Satterly, Jr.
This research study was undertaken to examine the
significance of driveway accidents on urban arterial high-
ways, to examine the relationship between the driveway acci-
dent rate and the average spacing between adjacent driveways
and between a driveway and an adjacent intersection leg,
and to reveal those characteristics of the roadway and its
abutting environment having the most significant effect upon
the driveway accident rate. The overall objective was to
disclose the factors which, when properly employed, will
serve to effect a significant reduction in the driveway acci-
dent ra te
.
Data relative to roadway characteristics, traffic volume,
and driveway accident occurrence were collected from ten
central Indiana cities for one hundred segments of arterial
street. Accident records for each of the arterial sections
were examined over a four year period, from January 1, 1968
to December 31, 1971, so as to provide a three year accident
history on which to base the computation of driveway acci-
dent rates for analysis purposes and a one year accident
history to be used for purposes of testing the results.
Driveway accidents were found to represent a significant
percentage, 13.95%, of the total traffic accidents on all
one hundred roadway sections over a four year period. Left
turn movements, to or from a driveway, resulted in 64.60% of
all driveway accidents, and 76.00% of all driveway accidents
resulting in personal injury involved a left turn maneuver.
There exists a trend in which the driveway accident rate is
found to decrease when the average spacing over a section of
roadway between adjacent driveways and between a driveway
and an adjacent intersection leg increases.
Stepwise regression analysis was employed to relate the
driveway accident rate to roadway characteristics. Prelimin^
ary analysis revealed the roadway characteristics to be sig-
nificantly better correlated to the annual number of drive-
way accidents per mile rather than to the number of
driveway accidents per one hundred million vehicle miles.
After discovering that interaction terms were more signifi-
cant in the prediction of the number of driveway accidents
per mile per year than the main effect terms, a model was
developed employing six independent variables, arranged by
themselves and in combination with each other to form fif-
teen terms. This model explains 84.52% of the variation in
the number of driveway accidents per mile per year.
This study found that the number of driveway accidents
per mile per year decreased when the number of commercial
xl
driveways per mile was reduced; when the number of through
traffic lanes on the arterial highway was reduced; when the
number of total intersections per mile was increased; when
the number of total driveways per mile was reduced; when the
traffic volume on the arterial highway was reduced; and
when the urban area population was increased.
Although the scope of this study was limited to the
study of one hundred arterial highway sections in central
Indiana, the findings should be of considerable value through
out Indiana and the nation.
INTRODUCTION
The reduction of traffic accidents throughout the world
is, and always will continue to be, one of the primary ob-
jectives of the highway engineer. His quest for this goal
was substantially realized with the introduction of the con-
cept of full control of access, "...the most important single
*
factor in accident reduction ever developed" (29). Research
substantiates this claim. One study made on urban highways
disclosed a 65% reduction in accidents following the addi-
tion of full control of access on highways where such did
not previously exist (28). However, the highway engineer
is unable to employ full control of access as a sole solu-
tion to the problem of accident reduction as "any complete
street and highway system must provide the functions of both
land access and traffic movement" (68). The problem of acci-
dent reduction is complicated on those facilities where land
access and traffic movement must be simultaneously coordinated
without delegating an advantage to either function. A case
in point is the urban arterial highway which, by nature of
its role in the urban transportation system, must encourage
*Numbers in parentheses refer to articles listed in the
Bi bl i ography .
efficient through traffic movement while providing access
possibilities for abutting landowners. This study will
focus upon accident reduction on such facilities where full
control of access cannot be considered feasible.
"Property fronting landowners have certain rights of
access consistent with their needs, and road users have cer-
tain rights to freedom of movement, safety, and efficient
expenditure of their public highway funds" (1). The courts
have been forced to settle many arguments resulting from
this conflict between the road user and the abutting land-
owner, and their decisions have defined the basis for many
accepted access control practices and standards. The New
Hampshire Court, in the 1931 case of Town of Ti 1 den vs
.
Sh a rpe (22), stated:
...the test of reasonableness of the proposed use
is to be found not by inquiring whether such use
is essential to the profitable transaction of any
particular business on his lot, but in answer to
the inquiry whether such use would be fraught
with such unusual hazard that the danger to the
traveling public would be out of proportion to
the detriment of the owner by being deprived of
it...
Likewise, the Pennsylvania Court, in the 1938 case of B ren i g
v_s^ Alleg heny County (23), concluded:
The absolute prohibition of driveways to an abutting
owner's land, which fronts on a single thoroughfare
and which cannot be reached by any other means, is
unlawful and will not be sustained. But the public
authorities have the undoubted right to regulate the
manner of the use of driveways by adopting such rules
and regulations, in the interest of public safety, as
will accord some measure of access, and yet permit
public travel with a minimum of danger. The rules
and regulations must be reasonable, striking a
balance between the public and private interest.
The abutter cannot make a business of his right
of access in derogation of the right of the
traveling public. He is entitled to make only
such use ot his right of access as is consonant
with traffic conditions and police requirements
that are reasonable and uniform.
These two cases, representative of the many decisions render-
ed in the access conflict, confirm the abutter's legal right
to access while, at the same time, reserving the right of
the State to control the location, width, and nature of any
access point based primarily on the safety of the riding
public, and not on the convenience of the abutting property
owner. In the eyes of the court, therefore, the conflict
still exists, but its ultimate settlement is transferred to
the jurisdiction of the highway engineer, and it is through
access control policies that the conflict is resolved.
As access is permitted from a parcel of land to the
arterial highway by means of a driveway, additional conflicts
to the through arterial traffic are introduced. As the num-
ber of conflict points along an arterial highway increases,
the opportunity for driveway related traffic accidents in-
creases. A driveway accident is defined as a traffic acci-
dent in which at least one of the participants was involved
in a movement to or from a driveway at the time of an acci-
dent, or an accident resulting from such a movement. While
many may not receive much publicity, as they often are not
spectacular and they do not occur as frequently as the more
familiar i ntersecti onal accident, driveway accidents do
represent a significant percentage of total arterial highway
traffic accidents. A recent study made in Skokie, Illinois
revealed driveway accidents to represent 12% of that city's
major street accidents (13). Since there is little reason
to doubt that this percentage is representative of urban
arterial accident experience throughout the country, research
directed toward a better understanding of the factors af-
fecting the number of driveway accidents on urban arterial
highways would be of great benefit.
LITERATURE REVIEW
One of the earliest attempts to compile a literature
review on the subject of driveways and driveway accidents
was made in 1970 by Paul C. Box and Associates, sponsored
by the Highway Users Federation for Safety and Mobility (11).
Aside from the data, tables, and figures presented in the
text, the publication lists an excellent bibliography re-
lating to all aspects of driveways and driveway accidents.
Driveway Accident Studies
Although limited in number, driveway accident studies
have contributed much toward emphasizing the magnitude of
the driveway accident problem. Box discovered driveway acci-
dents to represent 12% of all major street accidents in
Skokie, Illinois (13), while Marconi's study in San Francisco,
California indicated that driveway accidents represented only
1.3% of all 1964 traffic accidents (43). However, the lat-
ter study considered all city streets including local and
arterial streets, and it did not include accidents in which
the driveway vehicle was not struck, or was struck while
waiting to make a maneuver to or from a driveway. It is
obvious that the San Francisco rate is biased with respect to
the theme of this report, and that the results of the Skokie
study are more representative of the actual percentage.
While right turns were found to comprise a majority
of the driveway ingress and egress movements at service
stations, left turn movements were found to result in more
driveway accidents than right turn movements (6). A more
recent study by Box, taking into account sections of ar-
terial highway consisting of many different types of drive-
ways, disclosed that 60% of driveway accidents involved a
left turn maneuver. Perhaps of greater importance is the
fact that left turn accidents accounted for 75% of all
injury producing driveway accidents (13). While these
figures are indeed significant, it must be remembered that
left turning vehicles are in conflict with all vehicles
in the opposite direction of flow and a substantial number
of vehicles in the same direction of flow, while right turn-
ing vehicles are in conflict only with a substantial number
of vehicles in the same direction of flow.
Box found driveway accident rates at commercial drive-
ways to increase as the volume of vehicles using that type
of driveway increased. In the same publication he indi-
cated those elements which should be evaluated in perform-
ing a thorough analysis of a driveway hazard as being the
traffic volume on the arterial highway, the number of
through traffic lanes, parking conditions, the spacing be-
tween driveways and adjacent signalized intersections, and
the volume of traffic using the driveway. His studies also
uncovered a definite trend toward higher driveway accident
rates with higher major street ADT (12). In another study,
Box found the resident! al driveway accident rate to be very
low along major streets, with the rate at commercial drive-
ways being 10 times the rate at residential driveways.
This same study uncovered no significant relationship be-
tween the number of driveway accidents per mile and the
number of openings per mile, or the arterial highway street
width (13). Bruggeman utilized statistical analysis to
discover driveway accidents to be most closely related to
the number and type of driveway, the median width, and the
traffic volume on the highway. His. research revealed the
number of commerical driveways per mile to be the most sig-
nificant predictor of the driveway accident rate (15).
In emphasizing the significance of the commercial
driveway, Box found that the overall accident frequency at
local intersections was two-thirds that of commercial drive-
ways intersecting the major street (12). This fact serves
to reinforce the claim that "each driveway creates an in-
tersection with the major street, and is subject to all the
accidents common to intersctions" (28).
Box found that only 3 % of all driveway accidents on
major streets in urban areas outside the central business
district involved pedestrians (13). Research
has attempted to disclose whether vehicles entering
or exiting a driveway are involved in the majority of
driveway accidents, but the results have thus far been
inconclusive. The Texas Transportation Institute reinforced
Box's findings when they discovered driveway accident rates
at driveways with uncontrolled width to be 4 times greater
tti an those at driveways with a controlled width (68). An-
other aspect of Box's study revealed that the accident
frequency at service stations increases in direct propor-
tion to the number of driveways connecting to the arterial
highway, while no driveway accidents whatsoever were re-
corded when the service station driveway led to a minor
street (12).
T raffic Accident Studi es
The preceding discussion offered insights into some
typical characteristics of driveway accidents, but only one,
that authored by Brugge man, represented an attempt to sta-
tistically relate the driveway accident rate to roadway
characteristics. As a result, several traffic accident
studies, both urban and rural, were examined in the hope
that some of the factors affecting the traffic accident
rate will have a similar effect upon the driveway accident
rate. Recognition of those factors having the greatest
effect upon traffic accidents would be of great assistance
during the data collection and analysis phases of this
s tudy
.
Mulinazzi utilized multiple correlation techniques to
relate accident rates to design characteristics and opera-
tional controls on urban arterial highways (50). His
findings indicate that the number of accidents per mile in-
creases when the arterial highway ADT is increased, when
the number of high volume intersections per mile is in-
creased, when the number of heavily used driveways per mile
is increased, when the number of traffic signals per mile
is increased, when parking is permitted, and when the
operating speed along the arterial highway is decreased.
The research further substantiated the importance of access
control as an effective accident reduction tool, and it
pointed out that most urban accidents occur at intersections
or high volume driveways.
Schoppert's study of accident rates on rural two-lane
Oregon highways revealed the most important factors in the
prediction of traffic accidents to be, in decreasing order
of importance, the highway traffic volume, the total num-
ber of access points, and design features such as lane
width, shoulder width, and sight restrictions (62). As
highway traffic volume increases, the accident rate also
increases, and as the number of access points, particularly
the number of commercial dri veways, per mile, increases,
the accident rate also increases. Furthermore, the number
of commercial driveways per mile was found to be more
strongly related to the accident rate than was the number
of residential driveways.
Staffeld's study of accident rates on U.S. highway 52
through Minnesota revealed the accident rate to increase as
10
the traffic volume increased, and as the number of com-
mercial driveways per mile increased (64). Furthermore,
the accident rate for sections of the highway containing
commercial driveways was found to be 2.9 times greater than
those sections with no commercial driveways or with non
commercial driveways.
In 1957, Woo used techniques similar to those employed
by Mulinazzi to relate the accident rate to roadway char-
acteristics (71). His results indicated that the traffic
volume, the congestion index, the lane width, and the total
number of entrances per mile were the factors most signif-
icantly related to the number of traffic accidents per
m ile.
Peterson and Michael studied, in part, non intersec-
tion a 1 traffic accidents on a high volume urban arterial
highway in Lafayette, Indiana, and discovered non inter-
sectional accidents per 100 million vehicle miles to in-
crease when the total number of establishments per mile
increased, when the total number of driveways per mile in-
creased, when the arterial highway ADT increased, and when
the total number of low volume intersections per mile in-
creased (55).
Head examined 186.4 miles of urban arterial highway
in Oregon, and found motor vehicle accident rates to in-
crease when the number of commercial units adjacent to the
roadway section increases, when £he number of traffic
11
signals increases, when the number of intersections in-
creases, when the indicated speed decreases, when the ar-
terial highway ADT increases, and when the pavement width
increases (30). In addition, it was discovered that the
number of residential driveways per mile is one of the least
significant of all the roadway characteristics as a pre-
dictor of accident rates, and that accident prediction is
more reliable when made on the basis of roadway character-
istics on 4 lane highways than on the basis of those on 2
lane highways.
Other studies, such as that authored by Cribbins,
Horn, Beeson, and Taylor (18), have used similar statisti-
cal techniques to arrive at comparable results. While it
can be seen that a large family of results is obtained from
many different types of data, there seem to be three or
four factors, the arterial highway ADT, the number of drive-
ways (particularly commercial driveways) per mile, the num-
ber of intersections per mile, and the number of traffic
signals per mile, which consistently appear to have the
greatest effect upon the traffic accident rate. More im-
portant is the fact that these results are seemingly con-
stant in both urban and rural studies, and they are unaf-
fected by the year during which the study was made, and
the agency from and by whom the data were collected. This
leads one to believe that these factors could also signifi-
cantly affect the driveway accident rate.
12
The Effect of Medians on Driveway Accidents
Box disclosed that 60% of driveway accidents involved
a left turn maneuver (13). In the same study it was re-
vealed that left turn accidents accounted for 75% of all
injury producing driveway accidents. In light of these
findings, it seems that the driveway accident rate would
be significantly reduced if left turn movements to and from
driveways could be eliminated or better controlled . Since
signs prohibiting left turning maneuvers at driveways would
almost surely be ignored or not seen in time by the motor-
ist, some physical medium would be required.
Research has proven barrier medians to be of great
value in the reduction of driveway accidents. Box initiated
a before and after experiment to verify this theory (13).
He examined an arterial highway which had been widened,
provided with a barrier median, and reconstructed with
fully channelized driveways. Even though one must attribute
the effect of the increased lane width and the transfer of
driveway volumes, to adjacent signalized intersections to the
reduction in accidents, the driveway accident rate was found
to decrease by elevenfold as a result of the improvements.
While barrier medians may be utilized to concentrate
left turn movements only at pre-selected intersections,
pressure may be exerted that would force left turn access
at certain driveways along the arterial highway. For such
purposes, median openings must be provided. The city of
13
San Diego, California recommends that such openings not be
located closer than 400 feet from the nearest intersection,
or Z 50 feet from the nearest adjacent mi db lock median open-
ing so as to alleviate congestion and to provide sufficient
length for left turn bays (9). North Carolina State Uni-
versity undertook research on the accident experience
associated with median openings and found that approxi-
mately one-fourth of the total traffic accidents on the
arterial highway were occurring at openings in the median
between the intersections (16). A sequel to this study
proved that median storage in the form of left turn bays
significantly reduced accidents at median openings, and the
authors implied that the judicious location of median open-
ings is of paramount importance when traffic safety is to
be emphasized (13). The Gruen Associates recommend that
median opening locations be situated where traffic signals
can be installed to control conflicts and to promote pro-
gressive traffic movement along the arterial (28). The
literature is in, agreement on the point that median openings
should be kept 'to a minimum, and, where necessary, they
should be located so as to promote safe and efficient travel
along the arterial.
Medians do not always have to be restrictive in nature
to be effective. A case in point is the two-way left turn
lane, which provides refuge for vehicles approaching from
any direction to safely carry out ingress and egress
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movements to or from driveways with a minimum of interfer-
ence to through vehicles. Research reveals the accident
experience involving two-way left turn lanes to be low, and
all reports confirm their excellent safety record through-
out the country (42,58,59). This type of design is par-
ticularly effective on sections of heavy volume arterial
highways with numerous commercial driveways where left
turning vehicles pose a constant safety and congestion
prob 1 em
.
Access Con t rol Considerations
Motorists traveling on arterial highways are constantly
subjected to two types of roadway friction. Internal fric-
tion results from maneuvers within the traffic stream such
as weaving and passing. Marginal friction is caused by the
presence of parked vehicles and the action of vehicles
entering or leaving the arterial highway by way of an in-
tersection or a driveway. Gwynn found in a study of New
Jersey's state highway system that 80% of all accidents'
were the result of marginal friction, and that accidents
could be reduced significantly if access were to be con-
trolled to some extent (29).
While it is recognized that urban arterial highways
cannot realistically be subjected to full control of access,
access control in the form of limiting the number of drive-
ways or combining a system of driveways into one access
point can have a substantial effect on decreasing the
15
accidents resulting from marginal friction. The Texas
Transportation Institute found that the road user benefits
when the number of driveways along arterial highways is
decreased (68)
.
Access control on existing streets should be under-
taken as early as possible in the development stage of
adjacent property (10).
Controlling the Number of Driveways
Historically, the legal maximum number of driveways
permitted any establishment has been dependent upon the
length of frontage that the property occupies along the
arterial highway. In 1959 the Institute of Traffic Engi-
neers recommended that frontages less than 100 feet in
length contain no more than two driveways, with not more
than one driveway for each additional 100 feet of frontage
The policy was amended by warranting three driveways for
175 feet of frontage under special circumstances (38). In
1960 the American Association of State Highway Officials
adopted the policy that one driveway be permitted for 50
feet or less of frontage, and not more than two driveways
for any additional frontage, except in cases where the
ftontage exceeds 600 to 1000 feet in length (1). Also in
1960 the Texas Highway Department published their adopted
policy. Frontages up to 95 feet in length are permitted
only one driveway; frontages ranging, from 96 feet to 320
feet are permitted a maximum of two driveways; frontages
16
ranging from 321 feet to 600 feet are permitted a maximum
of three driveways; and special designs must be considered
for frontages in excess of 600 feet (27). These represent
just three examples of similar policies throughout the
United States .
Billion and Scheinbart discovered that the two main
driveways associated with multiple driveway service sta-
tions in New York handled 80« or more of all ingress and
egress movements (6). This finding, when considered together
with Box's disclosure that driveway accidents at service
stations increase in direct proportion to the number of
driveways, would seem to indicate that any more than two
driveway connections from service stations to arterial
highways would be detrimental to highway safety and unneces-
sary in terms of vehicular use.
The literature is in agreement when stating that the
driveway connections to arterial highways should be kept
to a minimum, and, if possible, constructed to minor streets
where research has proven the driveway accident rate to be
significantly lower. When access to minor streets is not
feasible, one may consider routing all driveways into a
service road paralleling the arterial (28,44). The rear
collector road is another consideration which permits ac-
cess to arterial fronting property from the rear of property
(28). These represent only three suggested ways to deal
with the problem of too many driveways connnecting to the
17
arterial highway. While costs and public opinion may serve
to decrease the effectiveness of such controls from the
engineer's point of view, every consideration should be
given toward utilizing some means for decreasing the number
of driveways connecting to the arterial highway.
Spacing between Adjacent Driveways
When access manuals were first being developed, the
distance between adjacent driveways was specified as a mini-
mum distance. In general, a minimum distance of between 20
and 30 feet was specified, mainly to provide sufficient
space between the driveways for parallel parking (27,38,47).
In cases where a frontage requires two driveways, minimum
spacing between the driveways has been established. The
American Association of State Highway Officials specifies
a minimum distance between double driveways for single
frontages of 10 to 15 feet in urban areas. They also sug-
gest that double driveways be operated as a one-way pair
(1). Mat son, Smith, and Nurd suggest that double drive-
ways, especially those serving one-way traffic, should be
separated as far apart as possible so as to prevent vehicles
from building up on the driveways and on arterial highway
approaches to the entrance thereby increasing the possibil-
ity of congestion on the arterial (45).
With increasing traffic volumes, it became apparent
that additional driveways at close spacing provide no
additional benefit and may increase the traffic hazard (68).
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In 1969, Stover evaluated the spacing of access points and
concluded that, in general, no private access point should
be permitted unless it is a very high traffic generator,
and the location of the access point conforms to the spac-
ing of intermediate intersections (67). Later in the
same year the Texas Transportation Institute made some
recommendations pertaining to the spacing between adjacent
driveways (68). Their research found that parallel park-
ing within 50 feet of a driveway serves to seriously re-
strict the sight vision of exiting driveway vehicles, and
such should not be tolerated. Recognizing that the great
speed differential between the arterial highway traffic
and the driveway traffic presents many possible accident
situations, they concluded that, for high volume generators,
driveways spaced at a distance greater than 1.5 times the
acceleration distance of the normal vehicle will improve
the traffic absorption characteristics of the stream. Ade-
quate spacing between driveways should be provided so as to
avoid interferen.ce between traffic from two adjacent drive-
ways. A good example is the case where vehicles are backed
up waiting to turn left into a driveway, blocking the op-
portunity for another vehicle to exit an adjacent driveway
by way of a left turn. Care must be taken, however, to
avoid concentrating efforts to increase spacing on only
one side of the street, as driveway jogs can induce the
same problem. To help alleviate this, the State of
19
Wisconsin has adopted a policy for their state highway
system in which access points along opposite sides of the
highway must be either located directly opposite each other
or separated from each other by at least 300 feet (28).
In 1971 the Gruen Associates published their study
based upon optimization of arterial highway traffic flow
as the primary objective. If there are at least 600 feet
between driveways, vehicles can be absorbed under random
flow conditions with a minimum of interference (28). The
same study supported the American- Association of State
Highway Officials in considering frontage, or service, roads
advantageous in cases where driveways were spaced too close
together (1,28). Research shows highways through residen-
tial areas with numerous direct driveways to have 6 times
the average accident rate of highways equipped with service
roads preventing direct driveway access (28).
Spacing between adjacent driveways can be effectively
increased by concentrating traffic conflicts at a single
point controlled. by a traffic signal (28). In this way,
by locating driveways where traffic signals can be used to
*
effect progressive traffic movement, spacing ^e comes prac-
tically automatic. In most cases, such design would re-
quire the utilization of service roads.
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Spacing between Driveways and Adjacent Intersection Legs
As was the case in the study of driveway spacing trends,
the distances between driveways and adjacent intersection
legs were expressed as a minimum distance when the access
manuals were first being developed. The minimum distances
varied from 5 feet to 25 feet or more, and they seemed to
be based upon providing at least enough room along the side
of the road to erect traffic control devices (1,38,47).
Revisions in policy resulted when it was established
that driveway to intersection spacing presented a signifi-
cant hazard to the operation and safety of the arterial
highway. For example, Box's study revealed that the prox-
imity of an intersection was found to be significant in 7%
of all major route driveway accidents in Skokie, Illinois
(13).
Driveways should be located at a distance from an
intersection in keeping with the speed of traffic, the type
of intersection control, and the sight distance require-
ments at the intersection (39). Research conducted by the
Texas Transportation Institute revealed that insufficient
spacing between a driveway and an intersection inadvertently
results in another leg being added to the intersection.
Furthermore, this insufficient spacing can be the cause of
intersection congestion when vehicles must wait in the in-
tersection behind a vehicle making a left turn into a
driveway (68). In addition, they suggest that the minimum
21
distance from the intersection to the driveway should be
sufficient for vehicles exiting near corner driveways or
entering far corner driveways to weave to the lane from
which the next turn is going to be made. The American
Association of State Highway Officials recommend that the
near side driveway to intersection spacing be two or more
times that of the far side spacing at signalized inter-
sections to protect against left turning driveway vehicles
causing a queue which would extend into the intersection
(1).
"As a general rule, the farther from an intersection




This research was developed to effect an improvement
in overall motor vehicle safety, and to expand upon the
limited existing driveway accident facts available to
engineers and other responsible public officials. The
literature search disclosed numerous voids and conflicts
of opinion on the subject of driveways and driveway acci-
dents. These facts were translated into the following prob-
lem statement.
The purpose of this research is to seek attainment of
the, following four goals:
1. Develop and evaluate characteristics of driveway
accidents;
2. Relate driveway accident rates to the average
spacing over a section of roadway between adjacent drive-
ways ;
3 X. Relate driveway accident rates to the average spac-
ing over a section of roadway between a driveway and an
adjacent intersection leg;
4. Relate driveway accident rates to roadway char-
acteristics.
Since driveway accidents have been found to represent
a significant percentage of total arterial highway traffic
23
accidents; their reduction would be of great benefit. The
reduction of driveway accidents can only be effected when
better knowledge of those factors contributing signifi-





Selection of Roadway Study Sections
The method of investigation employed for this study was
similar to that used by Mulinazzi (50) in his investigation
of traffic accidents on urban arterial highways. Basically,
the procedure involves collecting accident data from a large
number of arterial highways in pre-selected urban areas and
analyzing the data so as to best satisfy the goals of the re-
search. It was believed that informative patterns would re-
sult when the analysis was based upon a large number of road-
way sections. As a result, this analysis was based upon data
accumulated from one hundred roadway sections.
Because the characteristics of arterial streets in small
urban areas are considerably different than those of similar
streets in larger cities, it was decided to collect data from
urban areas whose population, as governed by the 1970 census,
exceeded 30,000 (63). It was further decided to impose no
upper limit on population so as to obtain in the sample
higher volume arterial streets. There are twenty cities in
Indiana meeting these qualifications.
Because many trips to each city would be needed to
accurately obtain the roadway, traffic volume, and accident
data, it was decided, in the interest of conserving time
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and resources, to consider only those cities located in
central Indiana. Since it was assumed that no more than
ten representative arterial highway sections could be ob-
tained from the smallest urban area, the study was limited
to ten cities, so as to accommodate the selection of all
100 roadway sections. The ten cities from which the data
were obtained, and their corresponding 1970 population are
given in Table 1
.
Letters were sent to the Chamber of Commerce of each
city informing them of the project to be undertaken and
requesting from each a detailed street map of the city.
After receiving the maps, the task of labeling the perimeter
of the central business district, all city boundaries, and
all urban arterial streets was undertaken. The completion
of these preliminary activities led to the actual data col-
lection.
Roadway Data
In all cases, roadway data were collected by driving
to each city and examining each of the premarked arterial
highway sections. Because it was obvious from the litera-
ture search that many factors could conceivably influence
the driveway accident rate, homogeneity with respect to
certain variables throughout the length of each section was
mandatory. Therefore, before any arterial section was se-
lected for study, the following criteria were evaluated as
met:
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1. Parking characteristics must remain constant.
2. Curb to curb street width must remain constant.
3. No type of median divider can be present. This
restriction was necessitated because it was felt that there
would be an insufficient number of available divided sec-
tions on which reliable analyses could be made regarding
the driveway accident rate.
4. No radical changes in traffic volume may occur
between the termini of each section.
5. There must have been no major construction on the
section, or on land abutting the section, since January 1,
1967. Major construction of this type often has the ef-
fect of severely altering the accident experience of a sec-
tion of roadway. This research study examined accident
data on all chosen sections effective January 1, 196 8, and
it was felt that one year would be sufficient time to intro-
duce drivers to such construction without incurring bias in
the sample.
6. The arterial highway section selected for study
must be located outside the limits of central business dis-
trict, and within the city's external boundaries. Arterial
highways located within the central business district have
characteristics significantly different than those in other
parts of the city, while those outside the periphery of the
city, by definition, are no longer classified as urban
streets .
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A roadway section meeting these qualifications was
selected for study, and specific roadway factors such as
street name, section termini, parking and curb character-
istics, the number of through traffic lanes, and whether
the arterial operates as a one-way or two-way -s treet were
indicated on a prepared inventory form. A copy of this
inventory form may be found in Appendix A.
The length of a section and accurate measurements of
the location of all driveways and intersection legs con-
necting to the arterial street were obtained by pacing both
sides of the road with a standard measuring wheel. The
names of all intersecting streets and the type, if any,
of traffic control device present were recorded, and in-
formation about every driveway including the type of land
use served (residential, commercial, alley, etc.), the name
of the establishment and/or the building number of the
establishment served by the driveway, the driveway width,
and whether or not the driveway was controlled by some kind
of traffi-c control device was indicated. The location of
outstanding landmarks such as railroad crossings was in-
cluded for control purposes. This data collection pro-
cedure proved to be of invaluable assistance for the fol-
lowing reasons :
1. Spacing between driveways and spacings between
driveways and intersections could be easily obtained once
the measurements were drawn to scale in the form of a map
i n the of f i ce
.
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2. Because of the complexity of some accident record
filing systems, the knowledge of the building number or
the name of the establishment could be used to ascertain
whether a driveway accident actually occurred within the
limits of the study section.
3. The remainder of the roadway data, such as the
number of intersections, the number of driveways, and the
number of traffic control devices, can be collected without
any duplication of procedure.
Additional work involved in pacing the section was
minimal, because it would have been necessary to measure
the length of the arterial highway section anyway. The
measuring wheel accumulates distance as it is pushed along
the edge of the road, and the accumulated distance is re-
corded every time a break in the curb is reached. An ex-
ample of' one side of a typical paced roadway section is
given in Figure 1. This section, the south side of section
number 21, 2nd Street in Marion, is not drawn to scale, as
the cumulative distances shall later be utilized to con-
struct a scale model of the roadway section. The length of
each section is computed by considering only the distance
from the nearside curb to the nearside curb of the two
section terminals, as indicated in Figure 1. This was done
to avoid a bevy of i
n
tersect i ona 1 accidents, none of which
mean anything to the driveway accident rate, but may be the
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other side of the section terminal. A break in the curb
is indicated whenever an intersection or driveway is en-
countered. A driveway is recognized on Figure 1 as the
curb cut formed by the shorter of the two different sizes
of horizontal lines, while the intersection legs are
detailed with longer horizontal lines.
The roadway data for all 100 sections were collected
by adhering to these standards. Table 2 is a listing by
section number of all 100 sections including the city from
which the section originated, the street name, the section
terminals, the section length, the 1969 ADT, and a brief
description of the predominant abutting land use. The 100
sections averaged 0.604 miles in length.
Traffic Volume Data
The collection of accurate traffic volume data for all
sections was an important phase of the overall data collec-
tion procedure. The literature search revealed average
daily traffic volume (ADT) on the roadway section to possess
a strong relationship with accident rates. The computation
of one of the two accident rates to be utilized in this
study, the number of driveway accidents per 100 million ve-
hicle miles, required the knowledge of the ADT for each
roadway section. On the basis of these two facts, it was
decided to employ ADT as the variable denoting traffic
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Traffic volume data for all roadway sections were ob-
tained from three sources. Such data for 52 of the sections
were obtained from the Indiana State Highway Commission,
Division of Planning, who maintained volume counts on every
urban extension of the state highway system. Volume counts
for 29 of the sections were obtained from the study cities
in the form of traffic counts made by city employees or
from traffic engineering and/or planning studies made for
the city. Traffic volume data for the remaining 19 study
sections had to be obtained through field work. Pneumatic
detectors were placed at representative locations on each
of the 19 sections for a 48 hour period to determine traf-
fic volume. In all cases, the data obtained for each sec-
tion were verified as being reasonably accurate before
their use in analysis was permitted. New counts were ob-
tained when this criterion could not be satisfied.
The only two types of data collected were the average
daily traffic volume (ADT) for a given year, and the aver-
age 24 hour weekday count for a given month and year. Since
the average 24 hour weekday count could easily be converted
into ADT, there was no problem in determining the ADT for
each roadway section for a given year.
The average 24 hour weekday volume count was converted
into ADT by applying the appropriate volume exp-ansion fac-
tor as recommended by the Indiana State Highway Commission.
Since all 100 roadway sections are classified as urban ar-
terial highways, the factors for "State Roads in Suburban
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Areas" were considered appropriate. All traffic counts
obtained from the three sources were ascertained to have
been taken only on either a Monday, Tuesday, Wednesday, or
Thursday during a given month and year. The average 24
hour weekday count was determined by dividing the total
volume by the number of days during which the volume was
obtained. This figure was then multiplied by the factor
corresponding to the month and year during which the count
was taken to determine the ADT for that year. A listing of
these factors by month and year is given in Table 3. In
cases where the counts were made in 1972, the 1971 factors
for the same month were utilized, as the Indiana State
Highway Commission did not have the 1972 factors compiled
when the analysis of the data was undertaken.
The Indiana State Highway Commission assumes, for pur-
poses of analysis, an ADT growth rate of 4% compounded annu-
ally. By using this figure the ADT's for all 100 study
sections were converted into 1969 and 1971 ADT's, since these
two values will assume the most importance in the analysis
of data. A listing of the 1969 ADT for each of the roadway
sections can be found in Table 2.
Accident Data
Accident data were collected for each of the 100 road-
way sections for the period from January 1, 1968 to Decem-
ber 31, 1971. The data recorded for the first three years,
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development of spacing criteria and in the analysis of
factors affecting the driveway accident rate, while the data
for the year 1971 were used to test some of the results
obtained. The three year driveway accident history was
used to insure an adequate sample size of accident data so
as to reduce the possibility of using accident statistics
derived from the chance occurrence of many unexplained
driveway accidents which can occur along a section of ar-
terial highway during a short period of time. May concluded
that a three year accident history is the minimum period
of time to be used in making an accident study, and he
statistically proved that little more is gained by using a
longer study period than 3 years when collecting accident
data in a particular location (46).
The majority of the accident data was collected from
the Accident Records Divisions of the police departments of
the ten study cities. On account of the filing systems
employed, the 1968 accident data from both Muncie and
Columbus, and the entire four year accident history of sec-
tion number 26 in Marion wore not immediately available,
and they had to be obtained from the Accident Records Di-
vision of the Indiana State Police in Indianapolis. In all
cases, however, the accident information was derived only
from the standard Indiana State Police accident report form
as filed by the investigating police officer, so as to
maintain some homogeneity in the data sources. A copy of
this accident reporting form is found in Figures 2 and 3.
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Information pertaining to the total number of traffic
accidents and the number of driveway accidents was ob-
,
tained for each roadway section. The total number of
traffic accidents was recorded for purposes of computing
driveway accidents as a percentage of total accidents.
Whenever a driveway accident was discovered, pre-selected
information from the accident report was transferred to a
questionnaire. A separate questionnaire, containing in-
formation such as the driveway accident location, the acci-
dent severity, the time of the accident occurrence, the
circumstances and prevailing conditions surrounding the
accident, and the actions of the driveway vehicle, was pre-
pared for each driveway accident occurring on the 100
roadway sections over the four year study period. A copy
of this questionnaire is included in Appendix B.
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ANALYSIS OF DATA
Or i veway _A c cident Rates
"Accident records are often used to compare the traffic
hazard in different areas for the same period of time, or
in the same areas or at the same locations for different
periods of time. To effectively compare hazard, accident
comparisons must be based upon exposure" (70). The acci-
dent rate is that measure of exposure by which the accident
experience can be compared. Two forms of accident rates
were selected for use in this study. The first, the number
of driveway accidents per mile per year, was selected be-
cause it expresses the accident rate in a form which can
be easily understood by the engineer and the layman. This
rate is simply the quotient of the annual number of drive-
way accidents based on a three yesr average and the length
of the roadway section, in miles, from which the accidents





Rate = Driveway accidents per mile per year.
A = The annual number of driveway accidents based
on a 3 year average.
44
S = Section length, in miles
The second, driveway accidents per 100 million vehicle
miles, was selected because the Traffic Engineering Hand-
boo k suggests that the accident involvement rate be expressed
in this manner. This rate can be expressed mathematically
as foil ows
:
R* + (A)(100, 000,000 )ate (S) (Y) (365)
Where
Rate = Driveway accidents per 100 million vehicle miles.
A = The annual number of driveway accidents based
on a 3 year average.
S = Section length, in miles.
Y = Annual Average Daily Traffic Volume (AADT).
In this analysis, because a 365 day count could
not realistically be taken on all 100 sections,
ADT was assumed to approximate the AADT.
A total of four accident rates were computed for each
roadway section, two involving accidents per mile per year
and two involving accidents per 100 million vehicle miles.
Each of these was further subdivided by computing each acci-
dent rate based on a three year accident history, using the
1968 to 1970 data, and upon a one year accident history,
using the 1971 data. The four driveway accident rates for
each section are listed in Table 4.
While it has been statistically proven that the best
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overage of a 3 year accident history is used to develop
accident rates, one must be alert to the possibility that
the three years selected may be in disagreement with each
other. Under such circumstances, it is difficult to de-
termine which, if any, of the three years is representative
of the accident conditions for the given set of roadway
factors compiled. If it is assumed that the driveway acci-
dent rate is accurate only when this rate is derived from
a three year accident history in which it can be stated
that the three numbers of accidents came from the same
population, then one may utilize a statistic by which the
reliability of each accident rate can be evaluated. This
can l>e done by means of the chi -square test of goodness of









N = The number of years of accident records utilized
(N = 3 -in this study),
d. = The difference between the number of driveway
accidents occurring in the year i and the average
number of driveway accidents per year over the
th ree s tudy years .
x = The average number of driveway accidents per year
over the three study years.
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This statistic was computed for each of the 100 roadway
sections, and compared to a tabled chi-square statistic at
a given significance level with (N-l) degrees of freedom.
As an example, consider the three year driveway acci-
dent history of section number 11, a 0.875 mile long stretch
of Markland Street in Kokomo. There were 8 driveway acci-
dents on this section in 1968, 18 in 1969, and 14 in 1970.
The chi-square test was used to test the null hypothesis
that the three given numbers of driveway accidents came from
the same population, against the alternate hypothesis that
they did not. The value of x is computed by summing the
three year accident history and dividing by 3, giving x =
ZX./3 =40/3 = 13.33 driveway accidents per year. The cor-
responding values of d. are computed as d, = 8 - 13.33;
d
^
~ 18 - 13.33; d ., = 14 - 13.33. The chi-square statistic
with N - 2 degrees of freedom is:
2
N=3 .2 9 9







- i -\ -n i \ .33 l 3. 33 ° ,ou
i = l
Using a significance level of u = 0.10, the chi-square test
statistic, given as x (1 - <*, 2), is 4.61. Since the com-
2puted value of x = 3.80 was less than the table value of
2
X = 4.61, the goodness of fit test did not indicate any
significant difference in the number of driveway accidents
occurring annually over the three year period. As a result,
it was assumed that the accidents for each year were ob-
tained from the same population, and that their average would
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be a good basis upon which to calculate the driveway acci-
dent rates for Markland Street.
The chi-square goodness of fit test was applied to the
re in dining 99 roadway sections in a similar manner, and only
eight of the sections were found to produce a chi-square
statistic which exceeded the table value of 4.61. In other
words, R" of the roadway sec t i on s ' we re found to possess a
significant variance in their number of driveway accidents.
A listing of these eight sections is found in Table 5. No
apparent operational reasons could be uncovered for this
occurrence because of the strict constraints placed upon the
selection of study sections in the early data collection
phase. However, since the testing procedure was based upon
a significance level of 0.10, it is entirely possible that
a "Type 1" error could account for the variability displayed
in the eight sections. A "Type 1" error results when a
hypothesis is actually true, but it is rejected when the
null hypothesis is tested. Driveway accident rates utiliz-
ing the average q f the three annual totals are especially
important in that phase of the analysis in which driveway
accident rates are related to roadway characteristics, so
it was decided to compare the results of a stepwise regres-
sion analysis performed utilizing all 100 roadway sections
against the results of a stepwise regression analysis using
only those 92 roadway sections found to "pass" the chi-
square goodness of fit test. In all cases, the multiple
correlation coefficient (R ) was greater by a value of
52
Table 5. Roadway Sections Displaying Significant Variance


























approximately 0.04 when the analysis was made without the
data from the eight sections listed in Table 5. As a re-
sult, e^ery analysis utilizing the driveway accident rate
based upon the average of the 3 year accident history was
performed utilizing only those 92 roadway sections which
passed the chi -square goodness of fit test.
Driveway Accident Characteristics
The know ledge of specific driveway accident character-
istics has been of great benefit to agencies responsible
for designing better and safer highway transportation fa-
cilities. Box's research not only alerted these agencies
to the magnitude of the driveway accident problem, but it
indicated many characteristics, such as higher arterial
highway ADT and more commercial driveways per mile, whose
presence frequently was associated with the occurrence of
a driveway accident. It will be the purpose of this phase
of the analysis to highlight the more significant driveway
accident characteristics.
The majority of the data for this phase of the analysis
was obtained from the investigating police officer's acci-
dent report form. A copy of this accident report form and
the ques t i qnna i re used to extract pertinent data from each
driveway accident can be found in Figures 2 and 3, and in
Appendix B respectively. This phase of the analysis will
disclose and evaluate driveway accident characteristics
based upon the entire four year accident history for all
54
100 study sections. While many of the following character-
istics could be categorized as miscellaneous information,
it is conceivable that such knowledge could materially affect
driveway regulations.
Characteristics Based Upon All 100
Roadway Sections
The four year accident history of 100 central Indiana
arterial highway sections, totaling 60.436 miles in length,
revealed a total of 1212 driveway accidents. This repre-
sented 13.95% of all reported traffic accidents for these
same sections. However, if the cases do not include those
situations where the driveway vehicle (i.e., the vehicle
performing the ingress or egress movement to or from the
driveway) was not directly involved, but whose actions
directly resulted in an accident, driveway accidents repre-
sented 12.60% of the total number. Both figures can be
considered comparable to Box's finding that 12% of all major
street accidents were driveway accidents. The magnitude
of the driveway accident problem is reinforced by these
figures .
The distribution of driveway accidents by day of week,
as depicted in Figure 4, is indicative of both arterial high-
way traffic volume and driveway use. The fewest number of
driveway accidents occurred on Sunday, when traffic volumes
are lowest and when many business establishments are closed,





























































































Friday and Saturday, when traffic volumes are heavier and
more vehicles, demanding access, undertake, on the average,
more shopping trips. The fact that 71.62% of all driveway
accidents involved a movement into or from a commercial
driveway further serves to emphasize this effect by the
day of week. An attempt was made to evaluate differences
in the number of driveway accidents occurring in different
months, but no significant difference between the twelve
months could be established.
In terms of accident severity, 85.56% of the driveway
accidents recorded resulted in property damage only. The
remaining 14.44% involved personal injury, with none of
the driveway accidents resulting in a fatality. This in no
way implies that a fatality resulting from a driveway acci-
dent could not occur, but it seems safe to consider the
driveway accident as typically a property damage producing
ace i dent
.
Left turn movements, to or from a driveway, resulted
in 64.60% of all driveway accidents. Of perhaps even
greater significance is the fact that 76.00% of all drive-
way accidents resulting in personal injury involved a left
turn maneuver. Both of these figures are substantially in
agreement with those of Box, whose study revealed left turn
maneuvers to account for 60% of all driveway accidents, and
75% of all driveway accidents resulting in personal injury
involved a left turn maneuver (13). It would appear that
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regulations restricting all left turn driveway movements
would have a tremendous impact upon the driveway accident
rate .
A fairly even distribution between driveway vehicle
ingress and egress movements was noted, as 53.47" of the
driveway accidents involved a vehicle entering a driveway,
while 46.53';', involved a vehicle exiting a driveway.
Obscured vision, in the form of parked vehicles, land-
scaping, structures, fogged windows, ice and snow, and
heavy rainfall, was found to be a cause of driveway acci-
dents in only 13.53% of the reported cases. Less signifi-
cant, but of importance, is the fact that only 1 . 5 7':' of all
driveway accidents could be traced to a malfunction of the
driveway vehicle.
60.07* of the driveway accidents were of the
right angle variety, while 33.08' involved a rear end
collision. Driveway vehicles backing into parked cars,
head on collisions, and sideswipes accounted for the remain-
ing small percentage. A majority of the rear end colli-
sions were the result of the driveway vehicle being struck
while waiting for traffic to disperse sufficiently to allow
a left turn into a driveway.
Driveway vehicles were struck by through traffic
vehicles in 57.01% of the cases, whereas they struck the
through traffic vehicle in 33.34% of the cases. The drive-
way vehicle was not directly involved in the accident in
9.35% of the cases .
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Of all driveway accidents, 72.2 8™ occurred during
daylight hours, while the remainder occurred under dark-
ness, dawn, or dusk conditions. This factor serves to re-
emphasize the important contribution of ADT and driveway
usage to the driveway accident rate, as both conditions are
of greater magnitude during the daylight hours. A total
of 75.00% of the driveway accidents occurred during periods
of non-precipitation and 70.05% of the driveway accidents
occurred under dry pavement conditions. Such results might
occur from the fact that drivers tend to be itlore alert and
compensating while driving under adverse weather and pave-
ment conditions, but are probably more likely to be due to
the lower number of inclement weather days in a year. Even
without the aid of meteorological data, it is safe to assume
that the percentage of inclement days is significantly less
than that of fair days, and that the pavement is 'dry a
larger percentage of the t i /he than it is wet.
Characteristics Based Upon Significant Data Splits
While the analysis of the characteristics of the four
year accident history of all 100 sections taken together
provided many insights into driveway accident characteris-
tics, substantially more was obtained when the roadway sec-
tions were split into two or more logical categories, with
observations as to corresponding differences between the
groups being made. The procedure involves examining all
characteristics of the 100 roadway sections and dividing
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them into groups satisfying at least one of the two follow-
ing criteria:
1. A split may be made between groups displaying ob-
viously dissimilar characteristics, such as one-way streets
vs . two-way s treets .
2. A split may be made on the basis of statistical
analysis which proves very dissimilar characteristics with
respect to certain levels or categories of the data.
Three data splits were recognized and analyzed in this
phase of the study.
The sample consisted of 29 one-way streets and 71 two-
way streets. While regression analysis and data interac-
tion techniques did not show this logical split to be as
significant as the two to follow, the results obtained were
indeed rewarding. Over a four year period, two-way streets
experienced almost 2.75 times the number of driveway acci-
dents per mile as one-way streets (23.843 to 8.761). Drive-
way accidents on one-way streets represented only 6.37% of
the total one-way street accidents, while on two-way streets
they represented 16.35* of the total. The average ADT for
the 29 one-way street sections was found to be 7582 vehicles
per day, while' the average volume was 9905 vehicles per day
on the 71 two-way street sections. Two-way streets also
had, on the average, more commercial driveways per mile than
did one-way streets. The one-way street sections averaged
16.20 commercial driveways per mile while the two-way
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street sections averaged 21.32 commercial driveways per mile
One must use caution in interpreting the results of this
particular analysis. On the surface, it would seem that a
substantial reduction in the driveway accident rate could be
realized by reverting from two-way to one-way operation on a
particularly hazardous section of arterial highway. While
this would seem to be the case, it must be remembered that
one-way streets seem to be associated with a lower ADT and
fewer commercial driveways per mile. In addition, it is re-
called that 64.60% of all driveway accidents involved a
left turn maneuver. The difference between the accident
experience on one-way and two-way facilities can be explain-
ed in light of the differences in left turn movements be-
tween two-way and one-way streets. Left turn from or to
one-way streets only encounter conflicts from one direction
of flow, while such maneuvers to or from two-way streets
encounter conflicts from two directions of flow. Additional
study is certainly required to verify or refute this theory,
but it must remain as a distinct possibilty.
The second data split was made on the basis of the num-
ber of traffic lanes on the arterial highway available for
through traffic flow. Analysis based upon such a split
was performed when regression analysis revealed this vari-
able to be significant at a number of different levels.
The entire sample ranged from one lane to four lanes.' The
results of the analysis can be found in Table 6. There can
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Table 6. Driveway Accidents Per Mile,, Commercial Driveways
Per Mile, and ADT as a Function of the Number of

































be little doubt that an increase in the number of through
traffic lanes was, on the average, accompanied by increases
in the number of driveway accidents per mile, the number
of commercial driveways per mile, and the ADT. One must not
overlook the possibility of interactions between ADT, the
number of lanes, and the number of commercial driveways per
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mile, as any possible combinations of these variables could
have a significant effect upon the driveway accident rate.
Such interactions were found to take on greater importance
when roadway factors were analyzed in relation to the drive-
way accident rates.
The final data split was made on the basis of certain
p re-selected ranges of ADT. The ADT ranges into which the
sections were categorized were determined on the basis of
a plot of driveway accidents per mile vs. ADT, and selecting
as intervals those groupings which seemed to possess similar
characteristics. While a consistent relationship did not
occur, there was a definite trend toward more driveway acci-
dents per mile and more commercial driveways per mile in
the higher ADT ranges, as indicated in Table 7. In all
ranges of ADT except 8801 to 10,200 vehicles per mile, both
driveway accidents per mile and commercial driveways per
mile increased with ADT. One reason for this abrupt re-
versal could have been the small said pie size of 7 on which
the two rates were based. A closer look at the data, how-
ever, revealed additional information. The ADT range from
to 5000 vehicles per day included 19 sections with 2
through lanes, and 3 sections with 1 through lane; the ADT
range from 5001 to 6800 vehicles per day included 15 sections
with 2 through lanes, and 1 section with 3 through lanes;
the ADT range from 6801 to 8800 vehicles per day included
15 sections with 2 through lanes, 1 section with 3 through
63
Table 7. Driveway Accidents Per Mile and Commercial Driveways
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lanes, and 1 section with 4 through lanes; and the ADT
range from 8001 to 10,200 vehicles per day included all 7
sections with 2 through lanes. Slight as it may seem, the
first three levels of ADT were accumulating more roadway
sections with a greater number of lanes while associating
an increase in ADT with'an increase in the number of drive-
way accidents per mile and in the number of commercial
driveways per mile. However, when the ADT range increased
to the fourth level, a decrease in the number of sections
with more than 2 lanes was experienced along with a de-
crease in the two rates. It is conceivable that some type
of interaction between the number of lanes and any one or
riore of the other variables could have produced this
phenomenon .
Driveway Spaci n g Analys is
It is easy to visualize a decrease in the driveway
accident rate when the spacing between adjacent driveways
and/or the spacing between a driveway and the nearest in-
tersection leg is increased. Holding constant trie length
of the section while increasing one or both of the drive-
way spacing variables can only lead to a decrease in the
number of driveways. While this may seem very logical, the
engineer has little in the way of facts he can present to
verify or disprove this claim. The literature is in ac-
cord when they proclaim longer distances between adjacent
driveways and between driveways and adjacent intersection
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legs, but they based their findings on criteria other than
the driveway accident rate. This phase of the analysis was
developed to examine this relationship.
The method of analysis involved defining two average
spacing variables, one denoting the average spacing between
two adjacent driveways and the other denoting the average
spacing between a driveway and an adjacent intersection
leg, for each of the study sections. Throughout this
analysis, both of these spacing variables were given in
units of feet. The variables were then plotted against and
correlated with the two driveway accident rates, as previ-
ously developed. Because each driveway accident rate was
developed as a result of averaging a 3 year accident hist-
ory, only 92 roadway sections were utilized in this
analysis .
Development of Driveway Spacing Variables
Two driveway spacing variables were defined for each
of the 92 study sections; the averane spacing between two
adjacent driveway's, and the average spacing between a
driveway and the nearest intersection leg. The term aver-
age spacing reflects the fact that the analysis is based
upon roadway sections, and not upon a critical location
where only one distance determines the spacing. Over a
roadway section there are many instances where two driveways
are adjacent and a driveway is adjacent to an intersection
leg. All of these conditions were added up by category,
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and divided by the number of tines they occurred over a
section to give the average spacing variables. This tech-
nique is explored in greater detail below.
Data for this section of the analysis were obtained
by reproducing scaled maps of each roadway section from
the measurements obtained when the sections were inventor-
ied early in the data collection phase. The nap was drawn
to a vertical scale of 1 inch equals 100 feet, but a hori-
zontal scale depicting the width of the section was not
employed so as to accommodate the inclusion of the spacing
variables. Figure 5 shows an example of a scaled map of
section 21 in Marion, and it helps develop the procedure
employed for selecting the driveway spacing variables. The
map was drawn according to the scale indicated, and a
straight line was drawn down the centerline of the section.
A straight line was then drawn from the centerline of each
driveway and intersection leg within the section (including
both section terminals) to intersect at right angles with
the line drawn down the centerline of the roadway section.
Beginning at one of the section terminals, start to label
the two variables; perhaps using D . to denote an individual
spacing between adjacent driveways and I. to denote an in-
dividual spacing between a driveway and an adjacent inter-
section leg. Figure 5 indicates the proper location on
the map for each of the variables. Utilizing this criterion,

























































FIGURE 5. DEVELOPING DRIVEWAY SPACING VARIABLES





























mathematically represented as follows:






In a similar manner, the average spacing between a driveway
and an adjacent intersection leg was mathematically repre-




Average Driveway - Intersection Spacing iii
n
Since the method employs spacing criteria based upon
the driveway and intersection characteristics on both sides
of the roadway section, care must be taken both in the field
and in the office when analyzing two curb cuts which seem
to be exactly opposite each other. Strict field procedures
were necessary to ascertain whether a driveway was located
exactly opposite another or was offset even a slight amount.
Access points located exactly opposite each other were in-
dicated in the roadway section map by having their center-
lines come together from opposite sides of the road at the
arterial centerline, such as in Figure 5 where the inter-
sections Baldwin Avenue, Forest Avenue, Butler Avenue, and
Park Avenue exemplify this procedure. In some cases, such
as the spacings between the first two driveways on opposite
I
sides of the road east of Geneva Avenue, the driveways were
not quite opposite each other, and an offset had to be
introduced. The importance of recognizing and correctly
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labeling each offset cannot be overemphasized because of
the effect they have been found to have on traffic flow
when vehicles turning left into a driveway are involved.
The Relationship between Driveway Accident Rates
and the Average Spacing over a
Section of Roadway between Adjacent Driveways
The initial step in this analysis was to plot the
average spacing variable denoting the distance between ad-
jacent driveways against its corresponding driveway acci-
dent rate for each of the 92 roadway sections. Two graphs
resulted ; one based upon the number of driveway accidents
per mile per year, and the other based upon the number of
driveway accidents per 100 million vehicle miles. Both
graphs displayed such a scatter of points that useful, sig-
nificant information could not be obtained. Furthermore,
it was obvious from the arrangement of points that trans-
formations on either variable would produce no better re-
sults than would the initially generated linear plot. From
these results, there would seem to be no possible relation-
ship between either of the two accident rates and the aver-
age spacing over a section of roadway between adjacent
dri veways .
In spite of these events, two additional methods of
analysis were investigated. Because the linear plot seemed
to be as good as any other that was generated, it was de-
cided to fit the best possible straight line through the
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data by utilizing the technique of least squares. Desig-
nating Y, as the number of driveway accidents per mile per
year, Y
?
as the number of drive w ay accidents per 100 million
vehicle miles, and X as the average spacing over a section
of roadway between adjacent driveways, the following two
regression equations were developed:
Y, = 7.72808 - 0.05470 X
Y
2
= 183. 52598 - 0.99169 X
The multiple correlation coefficient ( R ) for the first
was 0.02750, while for the second it was 0.02585,
meaning that these two equations explain less than 3% of
the variation in the driveway accident rate. While these
low figures were anticipated, this method was attempted for
the purpose. of investigating the coefficient of X. In both
cases the coefficient had a negative sign, indicating that
the driveway accident rate decreases when the average spac-
ing between adjacent driveways increases. The magnitude
2
of R permitted little else to be said regarding the
i
equati ons .
The second method involved examining the simple corre-
lation between each driveway accident rate and the variable
denoting the average spacing between adjacent driveways.
The simple correlation coefficient is a measure of the de-
gree of association among variables. Values of the corre-
lation coefficient range from +1 to -1, and there are 3
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critical values to be recognized. A value of -1 represents
perfect negative linear association between the two vari-
ables in the sample; a value of +1 represents perfect posi-
tive linear association in the sample; and a value of is
interpreted to mean that no linear association between the
two variables exists in the sample (54). This is to say
that a linear relationship between two variables decreases
as the simple correlation coefficient decreases to zero from
the positive or negative side.
Utilizing the same designation of terms as was made in
the simple regression analysis, the correlation between Y,
and X was -0.165 82, while the correlation between Y„ and X
was -0.16079. The fact that both values were fairly close
to zero substantiated the claim that the variables were not
significantly related in a linear fashion. Of more impor-
tance was the negative sign preceding the correlation coef-
ficients, indicating a trend toward decreasing drive-
way accident rates when the average spacing between adjacent
driveways is increased. Results such as these should not
be surprising in light of those obtained from simple regres-
sion analysis, because the simple correlation coefficient
is actually the square root of the multiple correlation
coef f i c i ent
.
It is obvious that this method of analysis could dis-
close no significant relationship between the driveway
accident rate (both rates seemed to produce approximately
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the same results) and the average spacing between two ad-
jacent driveways. However, there does appear to be a trend
in which the driveway accident rate decreases when the
average spacing between adjacent driveways increases.
The Relationship between Driveway Accident Rates and
the Average Spacing over a Section of Roadway between
A Driveway and an Adjacent Intersection Leg
The methods of analysis employed were very similar to
those used in the previous section. The initial step in-
volved formulating two graphs; plots of the average distance
between a driveway and an adjacent intersection leg first
against the number of driveway accidents per mile
per year, and then against the number of driveway
accidents per 100 million vehicle miles. As was the case
in the previous analysis, both graphs displayed a scatter
of points, froiii which no significant information could be
gained. This scatter of points precluded the possibility
of obtaining better results when transformations were made
on one or all of the variables.
The i.ethod of least squares was introduced to fit the
best possible straight line through the data. Designating
Y, as the number of driveway accidents per mile per year,
Y„ as the number of driveway accidents per 100 million ve-
hicle miles, and Z as the average spacing over a section
of roadway between a driveway and an adjacent intersection
leg, the following regression equations were developed:
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Y, = 11 .58371 - 0.06847 Z
Y
2
= 207.98228 - 0. 79154 Z
The value of R for the first equation was 0.10129, while
for the second equation it was 0.03873. While both values
are extremely small, it seems that better results were ob-
tained when driveway accidents per mile per year, as opposed
to driveway accidents per 100 million vehicle miles, was
employed as the dependent variable. In any event, a re-
gression equation that explains even 10.13% of the variation
in the number of driveway accidents per mile per year is
insignificant from an engineering viewpoint. However, some
insight was gained by examining the coefficient of Z in
both of the equations. Both of the coefficients were nega-
tive in sign, indicating that the driveway accident rate
decreased when the average spacing between a driveway and
an adjacent intersection leg increased.
Examination of the simple correlation between each
driveway accident rate and the variable denoting the aver-
age spacing between a driveway and an adjacent intersection
leg produced results similar to those obtained in the aver-
age spacing between adjacent driveways analysis. Utilizing
the same designation of terms as was made in the simple re-
gression analysis, the correlation between Y, and Z was
-0.31826, while the correlation between Y
2
and Z was -0.19679
As expected, these results are in agreement with those
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generated in simple regression analysis, with Y, seeming
to have the stronger linear relationship of the two depen-
dent variables with the drive way -intersect ion spacing vari-
able. The negative signs preceding the correlation c o e f f i
•
cients were indicative that the driveway accident rate de-
creased when the average spacing between a driveway and an
adjacent intersection leg increased.
This in ethod of analysis could disclose no significant
relationship between the driveway accident rates (even
though the number of driveway accidents per mile per year
possessed a stronger linear association with the average
spacing between the driveway and the intersection leg than
did the number of driveway accidents per 100 million ve-
hicle miles) and the average drive way- intersection spacing
However, as was the case in the analysis of driveway-
driveway spacing, there appears to be a trend in which the
driveway accident rate decreases when the average spacing
between a driveway and an adjacent intersection leg in-
creases.
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The Relationship between Driveway Accident Rates
and Roadway Characteristics
Analysis Techniques and Selection of Variables
This portion of the analysis was concerned with de-
termining those roadway factors and/or combinations of road-
w a y factors having the greatest effect upon the driveway
accident rate. One method of establishing which of the
variables, and their order of importance, has the greatest
effect upon the driveway accident rate is multiple regres-
sion analysis. Multiple regression analysis is particularly,
valuable in cases such as this where the knowledge of more
than one predictor variable (roadway factor) is necessary
in order to obtain a better understanding and/or a better
prediction of a particular response (the driveway accident
rate). The multiple regression technique was employed for
two general purposes in this study:
1. To develop an equation or series of equations which
can be used to predict the driveway acci'dent rate for a
section of arterial highway based only upon the character-
istics of the roadway and its abutting environment.
2. To determine the order of significance of each
variable employed in all prediction equations.
Computer analysis was required to handle the antici-
pated large volume of data from the 92 test sections, and
it was decided to employ a least squares technique known as
stepwise multiple regression. A computer program employing
77
analysis by stepwise regression was acquired through the
Purdue University Statistical Laboratory Library Program.
Some tines known as the "building up" method, stepwise re-
gression adds predictor variables, one at a time, to the
regression equation until the addition of another variable
will add nothing significant to the ability of the regres-
sion equation to predict the dependent variable. The first
variable introduced is that variable having the highest
partial correlation with the dependent variable. The next
variable to enter the equation is that predictor variable
having the highest partial correlation with the dependent
variable, given that the first predictor variable is al-
ready in the equation. Similarly, the third variable to
enter the regression equation is that predictor variable
having the highest partial correlation with the dependent
variable, given that the first two predictor variables are
already in the equation. This process continues until the
variable list is exhausted, or until there remains no more
significant independent variables to enter the regression
equation. It is quite possible that the addition of a
variable or a group of variables could reduce the signifi-
cance of another variable already in the regression equa-
tion to the point where it no longer significantly contri-
butes to the predictive equation. The computer program
utilized in the analysis removed such variables at the
proper time, but it permitted those initially rejected
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variables to re-enter at a later step, if their signifi-
cance could be re-established.
Stepwise multiple regression was used to develop
separate equations for the two dependent variables, driveway
accidents per mile per year and driveway accidents per 100
million vehicle miles, using as independent variables, char-
acteristics of the arterial highway and its abutting en-
vironment. At the outset of this study a list was made
of ^^Jery conceivable roadway factor that could possibly have
an effect on the driveway accident rate. This list of
roadway factors was gradually reduced when certain variables,
such as one denoting the presence or absence of a median,
were held constant for all 92 roadway sections, and when
illogical results could be anticipated from the inclusion
of a certain variable, such as one designating the arterial
highway pavement condition. The analysis was begun utili-
zing 2 8 independent variables representing what was felt
to be the 24 most important and most logical roadway fac-
tors. Table 8 gives a listing of the identifying index,
name, and a description of the variables as they were
coded for not only the 28 independent variables, but also
for the two dependent variables. An indication of the
characteristics of some selected variables is presented in
Table 9. The indicated characteristics of each of the
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The stepwise regression computer program was used to
develop two equations for the purpose of observing trends
and gaining some insight as to the feasibility of this type
of analysis. In developing regression equations to predict
the number of driveway accidents per mile per year and the
number of driveway accidents per 100 million vehicle miles
it wds decided to place conservative constraints on the
program so that as many variables as possible would be al-
lowed to enter the regression equations. By utilizing this
procedure one maintains the advantage of not accidentally
restricting a significant variable from entering the equa-
tion and of noting those variables that would have entered
the equation had the constraints been slightly lowered. As
a general rule, every variable that enters a regression
equation effects an increase in the multiple correlation
coefficient (R ) by adding to the sum of squares due to re-
gression. This multiple correlation coefficient ranges in
2
value from zero to one, and the closer the value of R is
to one, the better will be the resulting regression equation
When considering independent variables to be included in the
2prediction equation, the resulting value of R should not
take precedence over the eventual ease of use of the equa-
tion. An equation which can relate the dependent variable
2
to four independent variables with an R of about 0.75 has
more practical use to the engineer than one which can relate
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the dependent variable to eleven independent variables with
2
an R of 0.80, because less effort is required to collect
the data for four independent variables than for eleven.
In the interests of saving time and resources one should
include in a regression equation only those independent
2
variables effecting a significant increase in R . A test
was conducted after each step to determine if the addition
of that variable to the regression equation resulted in a
2
significant increase in R . For example, assume that the
test revealed that the variable entering in step number 7
2did not effect a significant increase in R . Therefore,
variables entering in steps one through six were included
in the equation, while all others were deleted. The F-test
2
utilized to determine at which step the increase in R was
no longer significant is stated mathematically as follows:
F =





2 )/(n - j - 1)
with (j-k) and (n-j-1)
degrees of freedom.
Whe re
F = the calculated F value.
2
R. = the multiple correlation coefficient when j
J
independent variables are in the regression
equation.
2
R, - the multiple correlation coefficient when k in-
dependent variables are in the regression equa
t i o n .
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n = the total number of observations (n = 92 in this
study) .
j = the number of independent variables in the regres-
sion equations to be tested for a significant
increase in R (j = k+1).
k = the number of independent variables in the regres-
sion equation used to base the significant i n -
crease in R .
This calculated value of F was compared against a tabled
value of F with (j-k) and (n-j-1) degrees of freedom. When
the tabled F value exceeded the calculated F value, no
2
significant increase in R was experienced by adding the
independent variable to the regression equation at that
step. The significance level for this F test was set at
the 0.05 level .
The regression equations developed for purposes of
predicting the number of driveway accidents per mile per
year and the number of driveway accidents per 100 million
vehicle miles are as follows:









= 91 . 16689 + 3.47978 X
22
89195 X ]g + 3.77002 X 2Q
+ 51 .28152 X
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The order of the independent variables, as given in both
equations, was the order into which they entered the regres-
sion equation. Table 10 is a listing of all significant
variables to enter one or the other regression equation which
shows the rank order in which the variables entered in both
equations. It is interesting to note that, with the excep-
tion of X- and X.,, every variable that was significant in
one equation was either significant or marginal in the other.
The discrepancy between the points of entry of X~ can be
explained by the fact that the 1969 ADT was used to compute
the number of driveway accidents per 100 million vehicle
miles, but no explanation is readily available for the be-
havior of X,. Overall it would seem that both equations
predict the driveway accident rate utilizing practically
the same independent variables.
However, the investigation of the respective multiple
2
correlation coefficients is revealing. The value of R
associated with predicting the number of driveway accidents
per mile per year (Y,) is 0.7099, while that associated
with predicting the number of driveway accidents per 100
million vehicle miles (Y
?
) is only 0.4314. The situation
exists where essentially the same independent variables are
being used to predict two driveway accident rates with
drastically different results. Since this analysis is being
performed to develop some criteria upon which the driveway
accident rate can be best predicted from the knowledge of
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roadway factors, it would be best to utilize that expression
for prediction which produces the best results. Driveway
accidents per mile per year are obviously predicted signifi-
cantly better than driveway accidents per 100 million ve-
hicle miles, and analysis based upon Y„ will be excluded
from further development unless something can be done to
effect a better multiple correlation coefficient.
Since the data itself could not be altered, the only
alternatives were to transform the data by performing some
mathemati cal function on the variables, or utilizing square
and/or cross product terms of the significant independent
variables. Transformations made on the dependent variable,
such as taking the square root or the base 10 logarithm of
Y„ as the new dependent variable, produced insignificant
2
changes in the value of R when stepwise regression was
2performed. In fact, the value obtained for R was lower
when the square root of Y~ was used as the dependent vari-
able. The introduction of squares and cross products of
the independent variables into the analysis had a similar
effect. Every attempt to effect a substantial increase in
2
the value of R failed.
For predictive purposes, an equation that can explain
almost 71% of the total variation in the dependent variable
is far more reliable than one that can explain only a little
over 43%. Since nothing could be done to make this latter
2
value of R more respectable, the development of an equation
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to predict the number of driveway accidents per 100 million
vehicle miles was dropped from further consideration in
favor of devoting all efforts toward increasing on the al-
2
ready satisfactory R of 71% associated with the prediction
of the number of driveway accidents per mile per year.
Improving the Model
While attempts were made to justify the continuation
of using the model developed to predict the number of
driveway accidents per 100 million vehicle miles by attempt-
ing to improve its predictive powers, the model predicting
the number of driveway accidents per mile per year was
temporarily put aside. Examination of that particular
model reveals some sound characteristics. The model relat-
ing six roadway factors to the number of driveway accidents




-3.64655 + 0.13252 X 22 + 1.18792 X g - 0.27802 X ]g
+ 0.05012 X 25 + 43.14119 X 2 - 0.82909 X ]
The value of R associated with this model is 0.7099. This
is to say that knowledge of the six independent variables
on a section of arterial highway can be used to explain
almost 71% of the variability in the number of driveway acci-
2dents per mile per year. This value of R must be consid-
ered at least adequate, especially in the light of the fact
that much of the variability in the driveway accident rate
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must be attributed to human factors such as driver char-
acteristics.
An examination of the arithmetic sign preceding each
regression coefficient proved to be very informative. The
signs were interpreted to read as follows:
1
.
The positive sign preceding X „ „ indicates that an
increase in the number of commercial driveways per mile




The positive sign preceding X
q
indicates that more
driveway accidents per mile per year are experienced, on
the average, as the number of through traffic lanes on the
arterial highway is increased.
3. The negative sign preceding X,g indicates that the
number of driveway accidents per mile per year will de-
crease with the introduction of more intersections per mile.
This is probably due to the fact that every intersection leg
effectively removes at least 50 feet of frontage on which
no driveway can be introduced. Obviously the driveway ac-
cident rate declines with fewer driveways, but intersec-
tional accidents will undoubtedly increase, and the effect
may be a greater number of total traffic accidents on the
arterial highway section.
4. The positive sign preceding X ?I- indicates that an
increase in the total number of driveways per mile increases
the number of driveway accidents per mile per year.
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5. The positive sign preceding X„ indicates that the
number of driveway accidents per mile per year increases
as the traffic volume on the arterial highway increases.
6. The negative sign preceding X, indicates that the
number of driveway accidents per mile per year decrease*
as the size of the city increases. This fact is explained
with the realization that more arterial highways are present
in larger urban areas, and th.e drivers in larger cities d.re
probably more used to driving on these type of facilities.
The stability of the model was further evidenced by
the F value of 34.670 indicating the significance of the
overall regression. While all signs point to the fact that
this is a good model, it is by no means proof that it is
the best model. This is the best model utilizing linear
terms of all significant roadway factors, but it must be
ascertained as to whether transformations or combinations
of the six independent variables will produce a better
model
.
The first step in this search was to plot each of the
independent variables against the dependent variable, drive-
way accidents per mile per year. The six graphs were ex-
amined for any possible deviation from linearity, and a
list wa r, made of the transformations that would possibly be
significant. Based upon this graphical analysis it was de-
cided to introduce the square of each of the six indepen-
dent variables into the next stepwise regression program.
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A product is evidence of interaction between two or
more variables. The possibility of interactions occurring
in this analysis was first brought to light when the drive-
way accident characteristics based upon significant data
splits were examined. In this analysis it was discovered
that the number of driveway accidents per mile in-
creased as the number of lanes, the arterial highway ADT,
and the number of commercial driveways per mile increased.
The fact that these three independent variables, all of
which were significant in the linear analysis, increased
simultaneously with the dependent variable increases the
possibility that the product of , any two or all -three to-
gether could be more significant than the main effect of
the variables comprising the interaction.
Further evidence of possible interaction between in-
dependent variables was discovered through the use of the
Automatic Interaction Detector (AID) computer program. This
program examines all the independent variables and splits
the sample into two groups by the independent variable that
most sharply discriminates between values of the dependent
variable. The procedure employed and the results obtained
are best depicted with the aid of the flow chart, as given
in Figure 6. Graphs of all 28 independent variables were
made against the dependent variable, driveway accidents per
mile per year, and each of the independent variables were
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as one-way streets vs. two-way streets, or a split which
would include an interval of the independent variable which
would coincide with similar values of the dependent vari-
able. For example, Table 11 shows the breakdown of data
employed for commercial driveways per mile. Each interval
of the independent variable is associated with an average
value of the dependent variable which is representative of
the sample within the interval. The analysis is interpreted
by following, in sequence, the data splits employed. Each
box in Figure 6 represents a data split, N is the sample
size, Y is the average number of driveway accidents per
mile per year for the N samples, and R is the range of the
independent variable into which the data was separated.
The first split was made on commercial driveways per mile
into groups labeled 2 and 3. Group 2 contains that range
of roadway sections, 72 in all, having less than 27 and
between 34 and 42 commercial driveways per mile. These 72
sections averaged 2.472 driveway accidents per mile per
year, as compared- to the other 20 roadway sections which
averaged 12.65 driveway accidents per mile. The splits
continued, as diagrammed in Figure 6, in numerical order:
group 3 splits on the basis of the number of three-way
intersections per mile into group 4 and group 5; group 5
splits on the basis of urban area population into group 6
and group 7. This process continued until no more signifi-
cant splits could be made. Missing group numbers in
94
Table 11. Splitting Commercial Driveways Per Mile Into








































Figure 6 , such as group 10 and group 11, indicate that a
split was performed by the program, but was not graphically
included because one of the new categories would have in-
cluded less than 5 samples, a self imposed constraint. The
majority of the samples were split into the left branch
of the flow diagram, and it is in this direction to which
attention is called. After the first split i n t o\ groups 2
and 3, two data splits were made on the right branch before
one was made on the left branch, indicating a tighter
grouping between variables in the left branch in spite of
the fact that it contains a larger number of samples. The
first split in the left branch was made on the basis of
arterial highway traffic volume, and one can see that 60
samples remain together in group 3 after two data splits
were completed. The fact that almost'two thirds of the
samples remained together after attempts were made to split
them oq the basis of commercial driveways per mile and ADT
indicates the possibility of an interaction between these
variables. Other interactions are possible, but they were
.not examined because the main effects of the number of
three-way intersections per mile and the average spacing
between adjacent driveways proved to be very insignificant
in the initial regression analysis. This analysis also up-
held the significance of the number of commercial driveways
per mile as a predictor of the number of driveway accidents
per mile per year because of its early appearance in the
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split. Another similar analysis was made using slightly
different intervals in some of the independent variables,
and the results showed the number of through traffic lanes
to be not only a significant independent variable by itself,
but also a possible interaction term with the number of
commercial driveways per mile.
Three different approaches in the development of a
better prediction model were analyzed. All three approaches
involved the stepwise regression procedure, and included
in the model only those variables and/or combination of
variables whose presence in the model effected a signifi-
cant increase in the value of R . All transformations and
interactions were formed using as a base only the six sig-
nificant independent variables which appeared in the first
model describing the number of driveway accidents per mile
per year
.
The first approach was to develop a model to predict
the number of driveway accidents per mile per year on the
basis of 2 2 independent variables, including all six main
effect terms, the six squares of the main effect terms,
five cross products involving two main effect variables
each, four cross products involving three main effect vari-
ables each, and one variable denoting the number of commer-
cial driveways per mile divided by the total number of
driveways per mile. The cross product terms were developed
on the basis of the order of entry of the six significant
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main effect variables. Denoting the order of entry as 1,
2, 3, 4, 5, and 6, the cross products developed were (1)(2),
(2)(3), (3)(4), (4)(5), (5)(6), (1)(2)(3), (2)(3)(4),
(3)(4)(5), (4) (5 ) (6 ) . This method was investigated to test
the theory that the most significant interactions were
formed by the variables that entered the regression equa-
tion adjacent to each other.
The second approach investigated the effect of all
possible two way interactions together with the main effects
and their squares. The analysis was bared upon 27 indepen-
dent variables, and it was hoped to be able to recognize
the most important two way interactions in order of their
occurrence .
The third approach was a variation of the second. The
independent variables included the six main effects, their
squares, the two way interactions which had a value of "F
to remove" in the second approach greater than or equal to
1.00, and all possible three way interactions which could
be formed by multiplying a main effect term by the two way
interactions selected for use in this approach. A total
of 36 independent variables was included for analysis in
this s tudy .
Stepwise regression analysis ,vas performed on all
three approaches, with only the independent variables e f
-
2fecting a significant increase in the value of R being
included in each model. Once it was decided which variables
were significant in each of the three cases, those main
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effect variables which did not enter in the stepwise re-
gression procedure were introduced into the three equations,
so that every regression equation took the general form:
Y = a + b + c + (a)(b) + (b)(c) + (a)(c)
This procedure of forcing insignificant independent vari-
ables into a regression equation was accomplished by means
of the Multiple Regression cdmputer program which performs
a regression analysis only on the variables so indicated.
The final models developed, then, were a mixture of the
most significant interactions between independent variables
and the main effect terms producing these interactions.
The important point is that all three models were developed
upon principles which were believed to produce the best
possible model on the basis of the collected data.
In selecting which of the three models was best suited
for purposes of best explaining the dependent variable, a
number of criteria were investigated. The value of R was
important not only for purposes of comparison between the
three models, but also as a factor in determining how much
better or worse it is to utilize cross products and squares
as opposed to the additive linear terms whose model produced
2
an R of 0.7099. For reasons of ease of use, it was de-
sired to include as few terms as possible in the model, but
this restriction carried less weight in this analysis, be-
cause only six different terms have to be evaluated, and
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any increase in the number of terms was attributed to the
inclusion of interaction terms and not to the inclusion of
new main effect linear variables. Another criterion cen-
tered around the number of two way and three way interac-
tions in the model because it is more difficult to physically
explain the significance of a three way interaction than it
is to explain a two way interaction. Likewise, it is more
difficult to explain a two way interaction than a main ef-
fect term. Some characteristics of the three models are
presented for comparison in Table 12. The first approach
employed is designated as Model A; the second approach as
Model B; the third approach as Model C; and the model de-
veloped utilizing only the main effect terms as Model D.
2
The table of results clearly indicates the value of R to
be significantly better when interaction terms were in-
cluded in the model as compared to when they were not. The
2highest value of R is associated with that model, Model B,
incorporating the largest number of significant independent
2
variables. In fact, the value of R seems to increase as
the number of terms in the model increases. Another inter-
esting comparison is the difference between the values of
2
R when the main effects are additive or multiplicative.
The first term entered in Model A and Model B was the pro-
duct of the number of commercial driveways per mile and the
2
number of through traffic lanes producing an R in both
cases of 0.6131. The first two terms to enter Model D were
2
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0.5899. Likewise the first term entered in Model C was the
three way interaction between the number of commercial
driveways per mile, the number of through traffic lanes,
and the number of total driveways per mile, producing a
2
value of R equal to 0.6459. The first three terms to
enter Model D were the sum of these three variables, produc-
2ing a value of R equal to 0.6329. It would seem from these
two examples that multiplicative combinations of the sig-
2
nificant independent variables add more to the value of R
than do additive combinations of the same variables.
The model selected as the best was Model B. Even
though more terms were involved in defining the model, the
fact remains that only six independent variables need be
measured and properly combined according to the interactions
to explain 84.52/ of the variation in the number of drive-
way accidents per mile per year. Model B was selcted over
Model A and Model C because of the total absence of three
way interactions which are extremely difficult to physically
explain. The F value for Model B, lower than that for any
of the other models on account of thp greater number of
terms in the model, remained large enough to uphold the sig-
nificance of the overall, regress ion. The model, in its
final form, can be written as follows:
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- 0.01045 X ]9 X 2 2 + 0.06650 X^ lg








The order of the interaction and square terms in this model
is that order in which they entered during the stepwise
regression analysis. Such is not the case for the main ef-
fect terms, as they had to be forced into the model.
Evaluating and Testing the Model
Initial .evaluation of the model revealed the overall
2
regression to be significant, and the value of R to be
satisfactory. Additional investigations into the value of
the model as an accurate predictor of the number of driveway
accidents per mile per year included the examination of
the residuals and an evaluation of the practicality of the
arithmetic signs preceding the coefficients of the indepen-
>
dent variables.
The residuals are the difference between the number of
driveway accidents per mile per year actually occurring
over the three year period and the number of driveway acci-
dents per mile per year predicted by the model for each of
the 92 roadway sections. Regression analysis was employed
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under the assumption that these residuals are independent,
have a mean equal to zero, possess a constant variance, and
approximate a normal distribution. The residuals should
exhibit tendencies that do not deny the validity of these
assumptions if the fitted model is correct (21). By virtue
of the fact that a constant term exists in the model, the
sum, and therefore the mean, of the 9 2 residuals is zero.
The assumption that the residuals should follow a normal
distribution is examined in Figure 7, a plot of the fre-
quency of residuals occurring at set intervals. While the
plot can be said to exhibit a slight irregularity it does
not seem to be far removed from that of a normal distribu-
tion. Homogeneity of variance was evaluated by examining
a plot of the residuals against their respective Y. as- pre-
dicted from the regression equation. A plot of this type
can be found in Figure 8. The plot is representative of a
good scatter of points, which probably would take on more
meaning if a greater number of points were available for
higher values of Y.. Because n6 definite pattern was e s -
tablished, it was said that the initial assumption involv-
ing constant variance in the residuals was satisfied, and
that the model required no additional terms to improve its
effectiveness as a predictor. The residuals ranged from
a low value of -6.671 driveway accidents per mile per year
to a high value of 7.516 driveway ac'cidents per mile per
year, for a range of 14.178 driv-eway accidents per mile
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for this model, is desired because it indicates that the
model's predictions of the dependent variable cjosely re-
semble the actual conditions. The standard error of the
mean for this sample of 92 residuals was 2.61 driveway
accidents per mile per year. These characteristics of the
residuals have indicated the .fitted model to be adequate
and not lacking in any terms.
The arithmetic signs preceding the /coefficients of
the independent variables reveal much about the practical-
ity of the model. For example, if every previous study
indicated that the number of driveway accidents per mile
per year increases as the number of commercial driveways
per mile increases, one would expect to find a positive
sign preceding the coefficient of the independent vari-
able representing the number of commercial driveways per
mile. In any event, the arithmetic sign must be logically
explained for every term in the model before the model is
accepted as being useful. The sign convention in the
strictly linear mpdel was not only easy to explain, but the
sign convention employed for every i ndependent'var i a bl
e
seemed logical. However, the task is not so easy when
trying to explain the sign convention in the model contain-
ing interactions, because the same variable is liable to
appear in two or more terms in the model with the result
being that the arithmetic sign must be evaluated not only
on the basis of the signs preceding the main effect term,
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but also on the basis of the signs of all other variables
containing that term. To further complicate the procedure
is the fact that the sign is also dependent upon the magni-
tude, for a particular case, of the variable which is mul-
tiplied by the variable about which it is desired to evalu-
ate the sign. An example of this situation is found by
evaluating the sign preceding X ?c-» the total number of
driveways per mile, in the model containing interactions.
It can be shown algebraically, that the sign is determined
by evaluating the coefficient of X ?c- as being:
(0.02382 + 0.28006 X
2
- 0.00925 X^
The three terms in parentheses are those terms by which X ?(-
was multiplied in the regression equation. It can easily
be seen that the sign is determined, in this case, by both
the ADT and the population, and that the sign could con-
ceivably vary from case to case from positive to negative
under the proper conditions. For this reason it is manda-
tory that the determination of all signs be made only within
the limits of the data used to develop the coefficients,
as given in Table 9.
The magnitude of the coefficient of any independent
variable is the rate of change which a one unit deviation
in that independent variable will have upon the dependent
variable, when all other effects are held constant. As an
example, the coefficient of X ?2 » the number of commercial
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driveways per mile, in the six term linear model is
+ 0.13252. Holding the other four terms in the equation
constant, it is evident that an increase of one commercial
driveway per mile will, on the average, effect an increase
of approximately 0.13 driveway accidents per mile per year.
Once again, this type of analysis presents no problems when
only main effect terms are present in the model. In apply-
ing this type of analysis to the model containing interac-
tion terms, the same problem arises as was experienced in
developing an accurate sign convention for the independent
variables. Both the coefficient and the sign are dependent
upon so many factors that it would be unreasonable to print
all possible combinations. As a result, a sensitivity
analysis was undertaken on three of the coefficients to
determine how different sections of arterial highway affect
the driveway accident rate in different ways. The engineer,
generally, would be concerned about a section of highway
with a high driveway accident rate more than he would about
a section with a. low driveway accident rate. As a result,
it was decided to test the sensitivity of the coefficients
on the 10 roadway sections out of the 92 with the highest
number of driveway accidents per mile per year. The three
independent variables selected for this study include the
number of commercial driveways per mile, the total number
of intersections per mile, and the total number of drive-
ways per mile. It was believed that the engineer would
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have the easiest time altering any one of these three vari-
ables, as opposed to the ADT
,
population, or number of lanes,
to effect a change in the number of driveway accidents per
mile per year.
The first step involved isolating the coefficients of
the three independent variables. It can be shown that the
coefficient of X~
?
, the number of commercial driveways per
mile, is 0.07498 + 0.02371 X
g
- 0.01045 X ]g + 0.92805 X 2 ;
that the coefficient of X
? r,
the number of total driveways
per mile, is 0.02382 + 0.28006 X
2
- 0.00925 X, ; and that
the coefficient of X ,
q
, the number of total intersections





X,. The magnitude and sign of each coefficient were de-
termined by inserting into each coefficient relationship the
appropriate value of the independent variable corresponding
to a given roadway section. Table 13, Table 14, and Table
i
15 indicate the results of the analysis, and it will be
noted that the roadway sections are arranged in decreasing
order of the number of driveway accidents per mile per year.
An examination of Table 13 reveals that the ten sec-
tions all have a negative coefficient associated with the
total number of intersections per mile. Everything else
being held constant, this is to say that increasing the
number of intersections per mile on a section of arterial
highway resulted in a decrease in the number of driveway
accidents per mile per year. The magnitude of the
no
Table 13. Variations in the Coefficient of X,g, the Total

























Table 14. Variations in the Coefficient of X
2 ? , the Number




























Table 15. Variations in the Coefficient of X ~ r > the Total
Number of Driveways Per Mile, for Ten High
Driveway Accident Sections.
























coefficient, as was previously noted, is the rate of change
which a one unit deviation in the number of intersections
per mile will have on the number of driveway accidents per
mile per year. On section 56, for example, the deletion of
one intersection per mile effects an annual increase of al-
most 1.54 driveway accidents per mile. On the average, the'
removal of one intersection per mile effected an increase of
between 0.370 and 1.571 driveway accidents per mile per year
on the ten high driveway accident sections.
The positive signs associated with the coefficients of
the number of commercial driveways per mile indicate an
increase in the number of driveway accidents per mile per
year as the number of commercial driveways per mile was in-
creased. It was also evident from Table 14 that an incr-
ease of one commercial driveway per mile, on the average,
effected an increase of between 0.112 and 0.258 driveway
accidents per mile per year on the ten high driveway acci-
dent sections .
It can be seen in Table 15 that an increase in the total
number of driveways per mile led, on the average, to an in-
crease in the number of driveway accidents per mile per
year. The magnitude of this increase is not as great, how-
ever, as that associated with the number of commercial drive-
ways per mile, as evidenced by the fact that the removal of
one driveway per mile of any type, on the average, effected
a decrease of between 0.051 and 0.071 driveway accidents
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per mile per year. While it is a fact that the total num-
ber of driveways per mile has a significant effect upon the
number of driveway accidents per mile per year, this serves
as further proof that the number of commercial driveways per
mile is the most significant of the driveway variables.
The overall sign convention for the other three inde-
pendent variables is the same, as when the main effects were
considered in a separate model by themselves. The number
of driveway accidents per mile per year will decrease with
a decrease in ADT, with an increase in urban area popula-
tion, or with a decrease in the number of through traffic
lanes.
This analysis could conceivably be used by engineers
as a basis for warranting highway improvements or access
control measures to curtail a high or rising number of drive-
way accidents per mile per year. It is obvious that one
cannot easily remove a lane of traffic, sharply reduce the
ADT, or relocate the arterial highway in an urban area of
higher population to meet his goals. The addition of inter-
sections to the arterial may present a remotely feasible
solution, but the engineer must then be prepared , to deal
with an almost guaranteed increase in the number on n'on
driveway accidents. The most feasible solution, therefore,
Would seem to be to effect a reduction in the number of
driveways, particularly commercial driveways. One should
also recall the interactions between the variables, and the
1 15
fact that a reduction in the number of commercial drive-
ways should have an effect upon reducing the ADT on the
arterial highway. These "side effects" only serve to in-
crease the significance of the rate of change that the
elimination of one driveway will have on the number of
driveway accidents per mile per year.
The testing of the model was accomplished by using the
model to predict the number of driveway accidents per mile
that would occur on each of the 92 roadway sections during
the year 1971. Since the model predicts the annual drive-
way accident rate, this was believed to constitute a valid
test. Each of the predicted values would then be compared
against the actual number of 1971 driveway accidents per
mile for each of the sections, as collected and computed
during the data collection phase. It was assumed that the
population would remain relatively constant from 1969 to
1971 for each of the cities, and by virtue of the con-
straints imposed early in the data collection phase, the
number of through traffic lanes, the total number of inter-
sections per mile, the number of commercial driveways per
mile, and the total number of driveways per mile were the
same in 1969, the base year upon which the model was de-
veloped, and 1971. Only the ADT was altered to account for
the difference in time, and the 1971 ADT's for all sections
were calculated on the basis of the annual 4% compounded
increase and utilized as such for prediction.
116
A computer program, entitled YHAT, was obtained
through the Purdue University Statistical Laboratory Li-
brary. The printout included a listing of the actual num-
ber of 1971 driveway accidents per mile, the predicted num-
ber of 1971 driveway accidents per mile, and the difference
between these two numbers for each of the 92 cases. With
this information it was possible to tell how well the model
predicts the number of 1971 driveway accidents per mile by
developing a multiple correlation coefficient (R ).
The value of R is given by the expression:
92 A
2 i = 1







= the number of driveway accidents per mile
occurring in 1971 on section i.
= the number of driveway accidents per mile
predicted for 1971 on section i.
Y, = the average number of driveway accidents
occurring over all roadway sections in 1971.
2
The value of R was computed to be 0.5269. This indicates
that while the regression equation explains 84.52% of the
variation in the number of driveway accidents per mile per
year based upon the annual average of the 1968-1970 acci-
dent data, it can only explain 52.69% of the variation in
the number of 1971 driveway accidents per mile. The reason
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for this discrepancy can be traced to the methods employed
in developing the accident rates earlier in the study. It
is recalled that only 92 roadway sections were employed in
the majority of the analyses because statistical tests
revealed only these 92 out of 100 sections to possess a
three year accident history that originated from the same
population. However, it is possible that the number of
1971 driveway accidents per mile for a given section does
not agree with its corresponding 1968-1970 averaged number
of driveway accidents per mile. The situation exists where
a model developed on the basis of the annual average of a
three year driveway accident history is being used to pre-
dict the number of driveway accidents per mile for a one
year period. Better results would have been obtained had
the number of driveway accidents per mile for each section
been proven to have originated from the same population.
There were only about six cases where this rule was obvi-
ously violated, and the effect was indicated in the value
of R 2 .
The correlation between the actual number of driveway
accidents per mile and the predicted number of driveway
accidents per mile was 0.7461. The difference between the
actual and the predicted number of driveway accidents per
mile varied from 19.7569 to -13.3551 for a range of 33.1120
driveway accidents per mile. This high range was attributed
to the inclusion of those sections in which the 1971 accident
data was substantially out of agreement with the three year
history used to develop the model.
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Care must be exercised when utilizing this model to
consider only sections of arterial highway whose character-
istics fall within the range of the data used to develop
the model. Table 16 is a listing of the variable ranges
employed in the development of the model for the six main
effect terms and for the number of driveway accidents per
mile per year. For example, this model should not be used
to predict the number of driveway accidents per mile per year
on a section of arterial highway having an ADT greater than
31,034 vehicles per day, as this is the upper limit of the
range of ADT. A clearer picture exists when a hypothetical
case is introduced on which values of the six main effect
independent variables are equal to zero. Utilization of
the model under such circumstances will produce a negative
number of driveway accidents per mile per year. In de-
fense of the model, however, it is felt that a wide enough
range in each of the independent variables is available to
insure analysis with this model on a large number of urban
arteri al hi ghways .
Table 16. Range of Significant Variables.
Variable Maximum Minimum Range
Y. 28.40 0.00 28.40














The significant results of this study can be summarized
as foil ows .
Driveway A ccident Characteristics
1. Driveway accidents represented 13.95% of all traf-
fic accidents on the 100 selected arterial highway sections
in central Indiana urban centers.
2. The fewest number of driveway accidents occurred
on Sundays, when traffic volumes are lowest and many busi-
ness establishments are closed. The number of driveway
accidents was significantly higher on Fridays and Saturdays,
when traffic volumes reach their weekly peak and commercial
establishments, on the average, do more business. No sig-
nificant difference in driveway accident occurrence by
month of year could be established.
3. There were no recorded fatalities resulting from
driveway accidents over the four year period of the study.
85.56% of the driveway accidents resulted in property damage
only, while the remainder involved some kind of personal
i n j ury .
4. Left turn movements, to or from a driveway, result-
ed in 64.60% of all driveway accidents. 76.00% of all
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driveway accidents resulting in personal injury involved a
left turn maneuver.
5. 53.47% of the driveway accidents involved a vehicle
entering a driveway, and 46.53% involved a vehicle exiting
a dr i veway .
6. Obscured vision was found to be significant in
only 13.53% of all reported driveway accidents. Only 1.57%
of all driveway accidents could be traced to a malfunction
of the driveway vehicle.
7. 60.07% of the driveway accidents were of the right
angle variety, while 33.09% involved a rear end collision.
8. Driveway vehicles were struck by through traffic
vehicles in 57.01% of the cases, whereas they struck the
through vehicle in 33.34% of the cases. The driveway ve-
hicle was not directly involved in the accident contact in
9.35% of the case.s.
9. 72.28/b of the driveway accidents occurred during
daylight hours; 75.00% cf the driveway accidents occurred
during periods o-f non-precipitation; and 70.05% of the
driveway accidents occurred under dry pavement conditions.
10. Over a four year period, two-way streets experi-
enced almost 2.75 times the number of driveway accidents
per mile than did one-way streets (23.843 to 8.761).
Driveway accidents on one-way streets represented only
6.37% of the total one-way street accidents, while on two-
way streets they represented 16.35% of the total. The
121
average ADT for the 29 one-way street sections was found
to be 7582 vehicles per day, while the volume was 9905 ve-
hicles per day averaged over the 71 two-way street sections
Two-way streets averaged 21.32 commercial driveways per
mile, while the one-way street sections averaged 16.20
commercial driveways per mile.
11. Over a four year period, the number of driveway
accidents per mile, on the average, increased as the number
of through traffic lanes on the arterial highway increased,
as the number of commercial driveways per mile increased,
and as the ADT on the arterial highway section increased.
Dr i veway- Dr
i
veway Spacing
1. Graphs of both driveway accident rates plotted
against the variable denoting the average spacing between
adjacent driveways produced a scatter of points from which
significant information could not be derived.
2. The correlation between the number of driveway
accidents per mile per year and the average spacing between
two adjacent driveways was -0.16582. The correlation be-
tween the number of driveway accidents per 100 million ve-
hicle miles and the average spacing between adjacent drive-
ways was -0 . 1 6079
.
Driveway -Intersect ion Spacing
1. Graphs of both driveway accident rates plotted
against the variable denoting the average spacing between
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a driveway and an adjacent intersection leg produced a
scatter of points from which significant Information could
not be derived.
2. The correlation between the number of driveway
accidents per mile per ye^r and the average spacing between
a driveway and an adjacent intersection leg was -0.31826.
The correlation between the number of driveway accidents
per 100 million vehicle miles and the average spacing be-




e Relationship between Driveway Accident Rates
an d Roadway Characteristics
1. The stepwise multiple regression procedure was
employed to develop one equation for each of the two depen-
dent variables, the number of driveway accidents per mile
per year (Y,) and the number of driveway accidents per 100
million vehicle miles (Y
?
). These two equations, with
2their respective values of R , are given as follows:
-3.64655 + 0.13252 (commercial driveways per mile)
+ 1.18792 (number of lanes) - 0.27802 (total inter-
sections per mile) + 0.05012 (total driveways per mile)
+ 43.14119 (ADT/100,000) - 0.83909 ( popu 1 a t i on/ 1 00 ,000 )




= 91.16689 + 3.47978 (commercial driveways per mile)
- 8.89195 (total intersections per mile)
+ 3.77002 (alleys per mile) + 51.28152 (street type)
(R 2 0.4314)
2
The differences in the value of R and the inability to
2increase the value of R of that equation relating the road-
way factors to the number of driveway accidents per 100
million vehicle miles resulted in the elimination of that
model from further consideration.
2. The model relating the number of driveway accidents
per mile per year to the roadway factors was improved with
the introduction of significant square and cross product
terms involving the six significant main effect terms gen-
erated in the first model. The model, in its final form,
reads as f ol 1 ows
:
1
-7.06689 + 0.29958 ( popu 1 at i on/ 1 00 ,000 ) + 15.55023
(ADT/100,000) + 2.24979 (number of lanes) + 0.63574
( tota4^
i
ntersecti ons per mile) + 0.07498 (commercial
driveways per mile) + 0.02382 (total driveways per mile)
+ 0.02371 (number of 1 anes ) ( commerci al driveways per
mile) - 0.37175 (number of lanes) (total intersections
per mile) + 0.28006 (ADT/100 ,000) (total driveways per
mile) - 0.00925 ( popu 1 at i on/ 1 00 ,000 )
(
tota 1 driveways
per mile) - 0.01045 (total intersections per mile)
(commercial driveways per mile) + 0.06650 (population/
124
100,000) (total intersections per mile) - 8.06698
(populati.on/100,000) (ADT/1 00 ,000 ) + 0.46140 (number
of lanes) 2 + 0.92805 (ADT/ 1 00 ,000
)
(commerci al drive-
ways per mile) (IT = 0.8452)
The order of the interaction terms and the square term in
the model is the order of significance of the independent
variables. The six main effect terms were forced into the
model, and their order in the model, as listed, in no way
reflects their relative importance.
3. The model was evaluated on the basis of the be-
havior of the residuals and the sign convention employed
with the coefficients of the independent variables, and the
results of both substantiated the significance of the model
The residuals satisfactorily passed the required statisti-
cal tests, and the arithmetic signs preceding the coeffi-
cients proved to be both logical and correct.
4. By evaluating the coefficients of the independent
variables in the model with the square and interaction
terms, the following facts were revealed about those 10
roadway sections with the highest number of driveway acci-
dents per mile per year.
a. On the average, the removal of one intersec-
tion per mile effected an increase of between
0.370 and 1.571 driveway accidents per mile
per year on the 10 high driveway accident
sections.
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b. The deletion of one commercial driveway per
mile, on the average, effected a decrease of
between 0.112 and 0.258 driveway accidents per
mile per year on the 10 high driveway accident
sections .
c. The removal of one driveway per mile of any
type, on the average, effected a decrease of
between 0.051 and 0.071 driveway accidents per
mile per year on the 10 high driveway acci-
dent sections.
5. When the model was tested against 1971 accident
data, it was found that the regression equation explained
52.69% of the variation in the number of 1971 driveway
accidents per mile. However, this was the result of uti-
lizing an accident rate based upon one year of accident
experience to test a model developed from an accident rate
based upon a three year accident history.
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CONCLUSIONS
The following conclusions concerning driveways and
driveway accidents on urban arterial highways in central
Indiana are presented.
1. Driveway accidents were found to represent a sig-
nificant percentage of the total traffic accident experi-
ence on urban arterial highways, and steps taken to effect




There exists a trend in which the driveway accident
rate is found to decrease when the average spacing_over a
section of arterial highway between adjacent driveways in-
creases .
3. There exists a trend in which the driveway accident
rate is found to decrease when the average spacing over a
section of arterial highway between a driveway and an adja-
cent intersection leg increases.
4. Roadway factors can be used to predict the number
of driveway accidents per mile per year significantly better
than the number of driveway accidents per 100 million ve-
hicle miles.
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5. The number of driveway accidents per-mile per year
will decrease when one or more of the following conditions
occur :
a. the number of commercial driveways per mile is
reduced;
b. the number of through traffic lanes is reduced;
c. the number of total intersections per mile is
i ncreased ;
d. the number of total driveways per mile is
reduced .
e. the arterial highway ADT is reduced.
The order of occurrence of these conditions is the de-
creasing order of significance they have on the number of
driveway accidents per mile per year. Furthermore, the
urban area population, as a control variable used to effect
a change in the number of driveway accidents per mile per
year, is difficult to alter.
6. The interaction, or product, of two variables Droved
to be more significant, in every case, than the sum of the
same two variables when predicting the number of driveway
accidents per mile per year.
7. The practical applications of this research are
many in number. The engineer can use the model not only to
predict a future driveway accident rate, but he can present
facts defending his decisions to reduce the number of access
points for the public well being. Used within the
128
constraints from which it was developed, the model can be
a valuable tool to all public officials concerned with the
number of driveway accidents in their cities.
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RECOMMENDATIONS FOR FURTHER RESEARCH
1. The model developed in this study can be used on a
wide variety of arterial highways. Perhaps it would be better
in the future to develop similar models based upon smaller
data categories. For example, a model explaining the drive-
way accident rate for one-way streets, two lane highways,
or residential as opposed to commerical areas may be of more
benefit than one consolidating the characteristics of all.
This idea certainly warrants more consideration.
2 . If enough samples can be collected, the results of
this study should be compared to a similar study involving
arterial highways with barrier medians.
3. The model should be applied to urban areas in other
sections of the country to test its effectiveness outside
Indiana. If this is not possible, further testing of the
model can be sustained in two ways:
a. Devise a three year accident history from 1971,
1972, and 1973 accident records for the 92 study
sections and test the model using the same pro-
cedures offered in this text.
b. Collect a number of other study sections from
the same cities, use the roadway data to predict
an accident rate from the model, and compare
the results with the actual figure.
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4. The study of the relationship between the driveway
accident rate and the spacing between a driveway and an
adjacent intersection leg might best be performed at indi-
vidual intersections, rather than over a section of highway
It is believed that better results could be produced when
the critical intersections which lend themselves to a drive-
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Figure B1. Driveway Accident Questionnaire (Side One)
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Figure B2. Driveway Accident Questionnaire (Side Two)


